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PREFACE

This report is an interim product of a joint effort of the Department of
Health and Human Services and the National Bureau of Standards (NBS), Center for
Fire Research. The program is a multi-year activity initiated in 1975. It con-
sists of projects in the areas of: decision analysis, fire and smoke detection,
smoke movement and control, automatic extinguishment, and behavior of institutional
populations in fire situations.

This report describes a computer program which analyzes pressurized stairwells
and pressurized elevators. The program was initially intended as a research tool
to investigate the feasibility of specific systems. However, this program may be

of interest to design engineers responsible for pressurized stairwells or pressurized
elevators.
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A COMPUTER PROGRAM FOR ANALYSIS OF SMOKE CONTROL SYSTEMS

John H. Klote

Abstract

This paper describes a computer program developed to
analyze systems intended to control smoke in building
fires. These systems include pressurized stairwells,
pressurized elevator shafts, zone smoke control systems,
and pressurized corridors. This program calculates air
flows and differential pressures throughout a building
in which a smoke control system is operating. The basic
assumptions and limitations of the program are also dis-
cussed. The appendices contain a program listing and
examples.

Key words: Air movement; computer programs; egress;
elevator shafts; escape means; modeling; pressurization;
simulation; smoke control; stairwells.

1. [INTRODUCTION

The majority of fire fatalities result from smoke inhalation. As a result of
this, a number of systems have been designed and built to control smoke movement in
building fires. The most common smoke control systems are pressurized stairwells
and zone smoke control systemsl. These systems are intended to control smoke move-
ment in a building by use of air flows and by differential pressures. The computer
program described in this paper provides a means to calculate the air flows and
differential pressures throughout a building (either real or conceptual) in which a

smoke control system is operating.

A number of computer programs have been developed which are applicable to smoke
control. Some of these programs calculate steady state air flow and pressures
throughout a building [1,2]2. Other programs go beyond this to calculate smoke
concentrations throughout a building that would be produced in the event of a fire
[3-73. In general, most of these programs are capable of analyzing smoke control

lrhe concept of extending the use of smoke control to protect elevators is currently

being investigated at NBS.

2Numbers in brackets refer to the literature references listed at the end of this

paper .



systems. However, the program described in this paper has been specifically written
for analysis of smoke control systems, and is an extension of a program specifically
written for analysis of pressurized stairwells and elevators (3], While the basic
theory of this program is the same as that of the stairwell program it has been
extended to include analysis of (1) stairwells with vestibules, (2) elevators with
elevator lobbies, (3) zone smoke control systems, and (4) pressurized corridors.

The data input has been designed to minimize the quantity of required data and still
maintain a high level”of generality in the model. The output consists of the
pressure differences across all of the building shafts, as well as the flows and
pressures throughout the building.

This program was originally intended primarily as a research tool to investigate
the feasibility of specific smoke control systems and to determine the interaction
between these systems and the rest of the building. The predecessor [8] of this
program has already been used to analyze pressurized stairwells without vestibules
and to evaluate factors which affect the performance of these systems (9], And,
this program has been used to generate data for an National Bureau of Standards
(¥B8s) Handbook on Smoke Control Design which is being developed. This paper is not
intended to be a design guide for smoke control systems. The state-of-the-art of
these systems is still under development and designers of these systems should seek
the most current data available.

2.  PROGRAM CONCEPT

In this computer program a building is represented by a network of spaces or
nodes each at a specific pressure and temperature. The stairwells and other shafts
are modeled by a vertical series of spaces, one for each floor. Ailr flows through
leakage paths from regions of high pressure to regions of low pressure. These
leakage paths are doors and windows which may be opened or closed. Leakage can also
occur through partitions, floors, exterior walls and roofs. The air flow through a
leakage path is a function of the pressure difference across the leakage path.

In this computer model ailr from outside the building can be introduced by a
pressurization system into any level of a shaft or even into other building spaces.
This allows simulation of stairwell pressurization, elevator shaft pressurization,
stairwell vestibule pressurization, and pressurization of any other building space.

In addition, any building space can be exhausted. This allows analysis of zone

smoke control systems where the fire zone is exhausted and other zones are pressurized.
The pressures throughout the building and flow rates through all the flow paths are
obtained by solving the air flow network including the driving forces such as the
wind, the pressurization system or an inside to outside temperature difference.



3. ASSUMPTIONS AND LIMITATIONS

1. Each space is considered to be at one specific pressure and one specific
temperature.

2. The flows and leakage paths are assumed to occur at mid-height OF each level.

3. The net air supplied by the air handling system or by the pressurization
- system is assumed to be constant and independent of building pressure.

4, The outside air temperature is assumed to be constant.

5. The barometer pressure at ground level is assumed to be standard atmospheric
pressure (101325 Pa)s_

4. EQUATIONS

A. Flow equation

F = CA V2pAP (3.1)

where:
r = mass flow rate
¢ = Tlow coefficient
A = Tlow area
p = density of air in flow path
AP = pressure difference across flow path

The flow coefficient is dimensionless and for smoke control analysis it IS

generally taken to be in the range of 0.6 to 0.7. Because of the large number of
flow calculations performed during the computer analysis the flow equation is

rewritten in the program as F = C' /AP. Using the ideal gas law, the adjusted flow
coefficient; ¢c', can be expressed as

2 P

C' =ca atm (3.2)
RT
where:
Patm = absolute barometric pressure at ground level

)
Il

gas constant of air
= absolute temperature of air in flow path

—
|

3rhe results of the program are not very sensitive to changes in atmospheric

pressure. For altitudes considerably different from sea level the more _accurate
value can be substituted by changing an assign statement in the subroutine INPUT
and one in the subroutine CORR.



B. Mass Balance Equations

For building compartment4 i

Nc NO
2 Fai,pn * Foti,k) ¥ Feqay =0 (3.3)
j=1 k=1

and for shafts

N2 Nc

N
(o]
E Z i, * El Foti,) Y Feqiy | O (3.4)
. <

1 J-1

F i 3) = mass flow rate from space j to space i. For building
! compartments this flow can be either horizontal or vertical,
however for shafts this flow can only be horizontal.

Fo(i,x) = mass flow_rate from direction k outside of the building
! to space i.

el
rh
[N
~
|

= net mass flow rate of air due to the air handling system
or due to a pressurization system.

N . = number of building spaces connected to space i.
N = number of connections to the outside from space i.
Ny is the space number at the bottom level of the shaft and the spaces in the

shaft are numbered consecutively up to N, which is the space number at the top of
the shaft.

C. Shaft Pressures

The following relationship is used to calculate the gage pressure, P(i), at

floor i of a shaft in terms of P(i—l) at floor 1 - 1.

Py = P(i-1) ~ Py - B (3.5)

where:

2 hydrostatic pressure difference
Pe pressure loss due to friction

The following equation is used to calculate the hydrostatic pressure difference.

‘In this paper the term building compartment refers to a space in a building other
than in a shaft.



P
P = g h,., = h,._ (3-6)
z  oF (1) (i-1)
where :
higy = height of point i

hisogy = height of point i-1

gravitational acceleration

«
I

R = gas constant

T, ..+ T,,
= _ (i) (i-1)
T = 2
P,.,, + P,
= (1) (i-1)

P, is a constant used to convert an average gage pressure to the average
absolute pressure, P.

The following equation is used to calculate the pressure loss due to friction.

2
pe _ o|Ma (3.7)
Cc
S

upward flow from i-1.to i in shaft
shaft flow coefficient
sign of M,

where:

a B
n®n
([ T

D. Outside Pressures

Outside pressures can either be entered by the user or can be calculated by the
following method.

= (3.8)
Po(i) = Pnei) ¥ G Pud)
where :
Pogiy T outside gage pressure at height h(i) above absolute pressure
ot at ground level
Ph(i) = hydrostatic pressure difference between h(i) and ground level
Po(i) = velocity pressure due to the wind at height h(i)
C, = pressure coefficient

Because the outside temperature is constant

RT

out

- - gh(i) \_ (3.9)
P ex P .
Ph(i) atm p ( ) b



where :

Patm

out

absolute barometric pre.:are at ground level
outside absolute temperature

When the outside pressures are calculated by the computer the wind velocities
are assumed to be described by the power law.

[e]
where :
Vo = wind velocity at height h
n = wind exponent

This relationship has been extensively used to describe the boundary-layer
velocity profile of the wind near the surface of the earth. It assumes that the
terrain surrounding the building is homogeneous. That is, that there are no large
obstructions near the building which could produce local wind effects. A value of
0.16 for the wind exponent is appropriate for flat terrain. The wind exponent
increases with rougher terrain. For very rough terrain such as urban areas a value
of 0.40 would be appropriate.

The equation for the velocity pressure at height h(i) is obtained by substituting
the velocity from the power law into the usual relation for velocity pressure (P =

1 2
5 OV ).

v 2 h

ov: [h,, 2n
o

where o 1Is the outside air density.

The pressure coefficients are in the range of -0.8 to 0.8 where positive
values are for windward walls and negative values are for leeward walls. The z
pressure coefficient depends upon building geometry and varies locally over the wall
surface. Numerical values for C, and n as well as practical engineering information
are available from a number of sources [lo-131.

5. PROGRAM DESCRIPTION

This program is written in ANSI FORTRAN on the UNIVAC 1100/82 and a program
listing is provided in appendix D. The following is a detailed description of the

main program and the major subroutines.



5.1 Main Program

The main program calls the subroutines which read the data, calculate the
adjusted flow coefficients, calculates the initial values of pressures and inter-
atively solves for the pressures according to the logic illustrated in the Flow
chart of figure 1.

5.2 INPUT Subroutine

This routine reads the data that are necessary for a flow analysis of the
stairwell or elevator, including an analysis of the rest of the building. These
data consist of the following:

1. Outside temperature.

2. Temperature throughout the building,

3. Outside pressures. These can be entered or calculated as described
earlier,
4. Description of the flow network including flow coefficients and flow areas

for all connections and the net air flows to each space due to the air
conditioning system or due to a pressurization system.

The data above can be entered in either SI units or in engineering units.
Appendix A contains a detailed description of the data input method.

In addition to reading data, this subroutine provides temperature and pressure
data as well as a complete description of the flow network. This routine also
calculates initial estimates of the hydrostatic pressure differences. When data is
entered iIn engineering units the subroutine UNITS is called which converts all units
to the SI system.

5.3 CORR Subroutine

This routine calculates adjusted flow coeffFicients for all flow paths using eqg.
(B.2). Two sets of these coefficients are calculated for each flow path to allow
for flow in either direction.

5.4 INIT Subroutine

‘his routine calculates initial estimates of the building pressures by a technique

used by Sander (1]. In this technique, mass flows are considered linear functions
of differential pressure and therefore the flow equations can be expressed and
solved in matrix form. In this estimate, shaft pressures are considered hydrostatic.

The resulting pressures form a starting point for the iterative solution which
follows.



2

= INPU™ Subroutine
Read and Print Data
Initialize P, Terms

{

CORR Subroutine
Calculate Adjusted Flow Coefficients
Corrected for Temperature

INIT Subroutine
Initialize Pressures

+

BLDGP Subroutine

Solve Pressures in Building Spaces

SHAFTP Subroutine
Solve Pressures 1n Shafts

Converge

No
PZAD Subhyaoutine
Cxllcuilate P z Terms

IF
EXCESSIVE
ITERATIONS

IWRITE DIAgNO;TIE ]

[[OuT Subroutine ‘ —
Print Ooutout

Figure 1. Flow chart for main program
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5.5 BLDGP Subroutine

The iterative solution for the building pressures and flows consists of the
three subroutines BLDGP, SHAFTP and PZAD. The subroutine BLDGP operates on the
building compartments sequentially. The sum of all the mass flows into compartment
i is calculated. If the absolute value of this sum is less than a convergence limit
then eq. (3.3) is considered satisfied and the computer proceeds to the next com-
partment or returns to the main program. However, if the absolute value of the sum
is greater than the convergence limit, then an improved estimate of the pressure at
compartment i is obtained by the regula falsi method [14]. When none of the pres-
sures need to be modified this routine passes a convergence signal to the main
program.

5.6 SHAFTP Subroutine

The structure of this routine is very similar to that of BLDGP except that it
operates on shafts sequentially. The sum of all the mass flows into shaft i is
calculated. If the absolute value of this sum is less than the convergence limit
then eq. (3.4) 1is also considered satisfied and the computer proceeds to the next
shaft or returns to the main program. However, if the absolute value of the sum is
greater than the convergence limit, then improved estimates of the shaft pressure
are calculated. This is done by changing the pressures at the bottom of the shaft
and then recalculating the shaft pressure by eq. (3.5). Again the regula falsi
method is used, and if none of the shaft pressures require modification a convergence
signal is passed to the main program. 1t can be seen from figure 1that if conver-
gence is achieved in both BLDGP and SHAETP, then the subroutine OUT will print the
solution. Otherwise, the hydrostatic pressure differences are adjusted in the
subroutine PZAD.

5.7 PZAD Subroutine

This routine calculates hydrostatic pressure differences by eq. (3.6) using the
most recent pressure estimates.

5.8 OUT Subroutine

This routine outputs mass flows and pressures for the flow network as well as
the differential pressures across each shaft. |If the data input was in engineering
units then appropriate variables are converted to the engineering system before
output.

6. FUTURE DIRECTION

It is planned to use this computer program in a project at NBS to study the
feasibility of protected elevators as a means of fire escape for handicapped
individuals. Consideration is being given to further development of the program for
use as a design tool. Also, a program may be developed for microcomputers which can
be used interactively.
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APPENDIX A. DATA INPUT DESCRIPTION FOR
COMPUTER PROGRAM

Data input consists of the following elements:

1. Initial data

2. Building heights

3. Temperature profiles

4, Outside pressure profiles
5. Building data

6. Shaft data

Each of these input elements is described in detail in the following sections.
Elements 1 through 6 are always required. In the following sections the input
required for each of the six data elements is described in detail. Each block or
group of blocks below represent an input card. Unless otherwise stated these cards
are unformatted; that is, the numbers do not have to be placed in specific columns
and integers can be written with or without decimal points. However, separate
pieces of numerical data must be separated by one or more spaces. Examples of

input data are provided in Appendix B.

1. Initial data

project title (col. 1-72)

%gﬁﬁgggture (°C,°F) %EE*bani?a}i?gr Eng) ?EW?%Pﬂ&ﬁE{p%$ file number)1

lohe user must assign this Ffile before program execution.

11



2. Building heights

N, , no. of building input parameter
levels (either 0 or 1)

If input parameter = 0, then heights for each building level are to be individually

entered as follows:

h h h

(1) (2) (3) (1) Bny)

where h(i) is the height of the center of level i above the ground (m, ft).

If input parameter = 1, then the following card must be entered.

h distance between

(1 floors (m, ft)

3. Temperature profiles

no. of temperature profiles

For each temperature profile the following data must be supplied.

no. of temp. level temperature level temperature level temperature
points no . (°C,°F) no . (°C,°F) no . (°C,°F)

12



4. Qutside pressure profiles

N
Q
no. ofpoutsid@ input parameter
pressure profiles (either O or 1)

IT the input parameter = 0, each outside pressure profile iIs entered as follows:

Po(1) Po(2) Po(3) Po(i) Po(Nh)

where Po(i) is the outside pressure at the center of level i.

IT the input parameter = 1, the outside pressures are calculated and the following

data are required.

v h n
o (o]
wind velocity height at which wind
(mph) velocity is measured exponent

pressure coeffFicients for each pressure profile

Cw (1) Cw(2) Cw (Npo)

o o o o

5. Building data

Ng
no. of levels
(or floors)

13



All of the following data in this input element are supplied for each level, g

consecutive groups of similar levels.
I, I N

2 com
Starting floor Ending floor No. of compartments per floor

(Floor data is entered in ascending order of levels or floors. When data

is for only one level then I, = I, and the same number is supplied for

both .)

For each compartment on a level the following data are supplied:

Nes Nea Neo Fe
No. of connections No. of connections No. of connections Net flow? Temperature
to other compart- to compartments on to.the outside (1/s, cfm) profile
Tent? on the same the level above number
eve

For each connection between this compartment and another on the same floor the

following data are required.

Other compartment c A
number on the same flow coefficient flow area
level (m?, ft?)

For each connection between this compartment and one on the level above the following

data are required.

2p11 net flows are at standard conditions of 21°c (70°F) and one atmosphere.

14



Other compartment C o A
number on floor Fflow coefficient flow area
above (m?, ft?)

For each connection to the outside the following data are required.

outside pressure C o A
profile number flow coefficient fIQW area
(m®, £t°)

6. Shaft data

no. of shafts

All of the following data in this input element are required for each shaft.

shaft title (col 1-20)

c
k]
shaft_flow bottom top level temperature
coefficient level of shaft of shaft profile number

Enter the following typical data which applies to each level of the shaft.

Exceptions can be entered later.

15



F

£
no. of connections net flow into
between tyﬁical typical level
level of shaft and of shaft
outside (1/s, cfm)

The connection data to the building for a typical level are required.

compartment no. C o A
to which shaft is flow coefficient flow area
connected (m?, ft?)

For each connection to the outside, the connection data for a typical floor are
required.
outside pressure C A

profile flow coefficient flow area
(m?, £t?)

The number of exceptions to the typical data is required.

no. of exceptions

All of the following data in this Input element are required for each exception.

exception type level of shaft
(1,2 or 3)

16



The next card depends on the exception type. FOr exception type = :.

to the net flow into the floor of the shaft is defined.

Fe
net flow
(1/s, cfm)

For exception type = 2, an exception to an outside connection for this shaft is
defined.

outside pressure C o A
profile number Fflow coefficient flgw area
(m*, £t°)

For exception type = 3, an exception to the connection between the shaft and the
building is defined.

compartment no. C o A
to which shaft flow coefficient flgw area
is connected (m*, £t°)

17



APPENDIX B.  INPUT EXAMPLES
1. Example 1

A ten story building with a pressurized stairwell and no vertical leakage
within the building is heated to 70°F when the outside temperature is -20°F. The
stairwell temperature is 60°F at the tenth floor and 50°F at the bottom floor. The
stairwell i1s pressurized by a net 550 cfm® per floor. The wind is 30 mph at a
height of 30 ft and the wind exponent is 0.14. This building has connections to
the outside in two directions. The wind pressure coefficients are 0.7 for the
windward wall and -0.7 for the lsaward wall. The Fflow areas are the same vertically

and are listed in Table 81. The flow coefficient is taken to be 0.65 for all

connections.
Table 31, Flow areas for sxample 1
Connection location Area (ft?)
Between stairwell ¢ building 0.42

Between building & outside iInto
the wind 0.75

Between building & outside away
from the wind 0.75

1.1 Data for Computer Input

initial {TEN STORY BUILDING WITHOUT VERTICAL LEAKAGE
data -20 20
building { 10 1
heights 5 10
temperature 2
profiles 1 1 70
2 1 50 10 60
outside 2 1
pressure 30 30 V15
profiles 0.7 -0.7

1ot standard conditions of 21°c (70°F) and one atmosphere.

18



10
building : 10 ; 0 1
data 1 .65 0.75
2 .65 0.75
1
haft STAIRWELL
3 a 80000 1 10 2
ata 0 550
1 .65 42

0
2. Example 2

This is a 10 story building which is 70°F inside. Outside the air temperature
is -5°F and there is no wind. This building has a stairwell and an elevator. The
flow areas which are generally the same vertically are listed in table B2 and the
flow exponents are taken to be 0.5. The stairwell is pressurized by a net 550 cfm
per floor. The elevator shaft has a 4 ft? vent to the outside at the top. On
floors 2 through 10 the elevator lobby separated from the building by doors that
automatically close in the event of a fire. The flow coefficient is taken as 0.65

in all connections.

Table B2. Flow areas for example 2

Connection location Area (ft?)
Between stairwell & building 0.42
Between building & outside 1.5
Between elevator & elevator lobby 0.65
Between elevator lobby & building 0.55

2.1 Data for Computer Input

initial {TEN STORY BUILDING WITH ELEVATOR
data -5 2 0

building {10 1

heights 5 10

temperature { 1

profile 1 1 70

outside

pressure

data

19



but Zding

data {10
1st (1 1 1
f Zoor 0 0 1 0 1
1 065 0.75
2 10 2
2nd 1 0 1 0 1
through 2 0.65 0.5
10th floors 1 0.65 0.75
0 0 0 0 1
t {2
8l ad
| STAIRWELL
80000 1 10 1
0 550
shaft 7 1 .65 .42
0
ELEVATOR
2 .TE6 1 10 1
0 0
2 .65 .65
shaft 2 2
2 10
1 .65 4.0
3 1
1 .65 .65

2.2 Example 2 Output

The output for example 2 case 1 (the data above not including modifications

for Cases 2 and 3) is given in appendix C.

20



APPENDIX C. EXAMPLE OUTPUT
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APPENDIX D.

PROGRAM LISTING
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MAIN PROGRAM

ANBS*PLIBS.SFOW AeMAIN

Cc
C
c
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
c
C
c
C
C
o
Cc
Cc
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
<
C

COMPLTER PROGRAM FOR AR FLOW ANALYSES IN BUILDINGS
SPECIFICALLY FOR ANALYSIS OF SMOKE CGNTROL SYSTEMS

PROGRAM VARIABLES

Al
AO

c

co
cs

E

F

FC
FF
Fo
FSS
'—
18UG
ICONV

IFLCCR
T
ITS
Jc
Joc

N

NC
NCO
NFSI
NFS2
NH
NPO
NS
NS 1
NS2
NT
NTP

P

FFO
FO
PS

Pz

T
TITLE
TITSH

LEAKAGE AREA OF INTERNAL CONNECTION
LEAKAGE AERA OF CCNNECTICN TO OUTSIDE

FLOW COEFFICIENT BSETWEEN BUILDING POINTS
FLOW COEFFICIENT TO OUTSIOE

FLOW COEFFICIENT OF SHAFT

LIMIT WITHIN wHICH CCNVERGENCE | S ACCEPTABLE
NET FLOW INTO POINT 1

FLOW BETWEEN INTERNAL FOINTS

FIXED FLOW INTO PCINT 1

FLOW TO QUTSIOE

NET FLOW INTO SHAFT IS

FEIGHT FROM GROUND TO MIDPOINT OF FLOOR
OUTPUT VARIABLE

INTEGER USED IN SUBROUTINES BLDGP AND SHAFTP
IF ICONV = 0 THEN TRE PRESSURES WERE UNCHANGED
FLOOR LEVEL WFERE POINT IS LOCATED

PCINTER TO TEMP PROFILE FOR POINT 1
POINTER TO TEMPERATURE PROFILE OF SHAFT
POINT NCe CCNNECTED TO POINT 1

DIRECTION OF OUTSIOE CONNECTION

NCe OF BUILOING CCMPARTMENTS

NQ@e OF INTERNAL POINTS CCNNECTED TO POINT I
N€. OF OUTSIDE CONNECTICNS

BOTTOM FLOOR OF SHAFT

TOP FLOOR OF SHAFT

NOe. OF FLOORS

NC. OF OUTSIDE FRESSURE PROFILES

NOO OF SHAFTS

1 VALUE FOR START OF SHAFT

I VALUE FOR END OF SHAFT

TOTAL NOe OF POINTS (BLDG AND SHAFT)

NCe OF TEMPERATURE PROF BLES

PRESSURE AT POINT 1

OUTSIDE FRESSURE PROFILES

OUTSIDE PRESSURE

PRESSURE PROFILE OF SHAFT ~ WORKSPACE
PRESSURE DUE TO ELEVATICN DIFFERENCE
TEMPERATURE FRQOFILE ARRAY

PROJECT TITLE

SHAFT TITLE

FROGRAM PARAMETERS

MB
MM
MS
MC
MPO
MT P
MFL

MAX NOO OF BUILDING COMPARTMENTS

MAX NOe QF POINTS

MAX NQe. CF SHAFTS

MAX NOe« OF CONNECTIONS FOR ANY POINT
MAX NOe OF OUTSIDE PRESSURE PRCFILES
MAX NOe CF TEMPERATURE PROFILES

MAX NOe. OF FLOORS
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O

OO0OO0ON

OO0O0RW

12

14
15

25

aduN=-

MAIN PROGRAM

PARANETER (MM=140sMS=8,MC=94MFC=24MTP=24MFL=25,MB8=50)

CCMMCN NT, P{MM) sC(MMsMC) sNC(MM) s JCIMMsMC),y ITS(MS),
FC(MMMC) yPZ(MMs MC) s PO(MMoMPO) +CO(MMMPD) s F( MM) s PFO(MFL 4 MPQ),
FE(NMM) s FO(MMsMPO) +CS(NS) s PS(MFL)sNSL1 (MS) sNS2(MS),

FSS(MS) +NsNS sNPO s ICONVIEs IBUGIAI (MM MC) s AD(MM,MPO) s TITSH(MS5)»
NFys F(MFL)+» IFLOOR (MM} 4 T(MTP s MFL ) +NF S1 (MS) ¢+ NFS2(MS) s IT(MB)¢NTP
o NCC(MM) s JOC( MMy MFQ) » TOUT

DOUELE PRECISIUON P.POLPS

COMMCN /RUN/IRUN

CIMENSION Bl1(MMMC) B2(MMsMFO)

NITER=5000
IRUN=1

CALL INPUT TO READ CATA
CALL INPUT

E=0.2
ICs=1

SPVE AI(lsJ) I N B1(I»J) AND FINO
MAX VALUE OF AI(I«Jd)

AZ22=C

AMAX=0

GO 10 I=1.NT

CO 8 J=1.MC

61(1+J)=AL1(1I+J)

IF(AI(IsJ) «GTe AMAX)AMAX=AT(I,J)
CONTINLE

DO 9 J=1sMPC

E2( 1+ J)=A0(C B J)

IFCAC(I+sJ) «GTe AMAX)AMAX=AC(I1,J)
CONTINUE

COFTINUE

ACJUST FOR LARGE VALUES OF FLOW AREA

IF(ANAX «LTe 043)GO TO 25
AZZ=1

AM=0 ¢2/ (AMAX=0el)
BB=0+¢1%(1<0-AM)

GO 18 I=14NT

CO 15 J4=1,MC

IF(AI(1sJ) oLTe 0.1)GO TO 12
AlC le J)=AMXAI( ] +J) +BB
COhTINUE

DO 14 J=1.MPO

IF(AC(1sJ) oLTe 01)GO TO 14
AO(I,J)=AM*AQ(C | +J) +BBE

CONT INUE

CONTINUE

TENPERATURE CORRECTICN

CALL CCRR

28




MAIN PROGRAM

C
C CALL INIT TO INITIALIZE PRESSURE ARRAY ¢ P
C
22 CALL INIT
Cc
C
C DC LCOP TO 30 I S ITERATIVE SOQLUTIGN TO PRESSURE ARRAY
C
24 CO 3C ITER=1,NITER
C
C CALL BLDGP TO SOLVE FOR BUILDING PRESSURES
C
CALL BLDGP
ICE= ICONV
IF(ICB «EQe O +ANDs ICS +EGe 0)GO TO 40
C
C CALL SHAFTP TO SCLVE FCR SHAFT PRESSURES
<
CALL SHAFTP
ICS=1CCNV
IF(ICB +«EQe O «ANDs ICS «EQe 0)GO TO 40
C
Cc CALL PZAD TO CALCULATE PZ TERMS
C
CALL FZAD
30 CONT INUE
C
C IF ROUTINE FAILS TO CONVERGE IN NITER
C ITERATIONS PRINT ERRQR MESSAGE
C

WRITE(6+800)

40 CONT INUE
WRITE(E€980L1)ITER
IF(AZZ «EQe 04)CGO TO 42
AZZ = Q.
CO 6C I=14sNT
DO 5C J=1.MC

SO Al (1,4)=8B1(1,J)
DO 8& J=14MPO
55 AC(],J)=B2(1+J)
€0 CONT INUE
CALL CCRR
GO TC 24
C
C
C
C CALL OUT TO UUTRUT SOLUTION
C
42 CALL OUT
c
WRITE(6+805)
STOF
C
C
C FORNAT STATEMENTS
C
€00 FORMAT (/////5X+35(1H1)/ /5%,

+3SHFAILURE OF MAIN PROGRAM TO CCNVERGE //SXs+35(1H1)7/7)
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MAIN PROGRAM
€01 FORMAT( 10X+ ISy SX+11HITERATIONS )
£05 FORMAT (1F1)
END

2hDGHP SUBROUTINE INPUTebLs1l
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SUBROUTINE INPUT

ENBS*PLIBS.SFOW AJINFUT

OO0OO0O

[@Ne]

AOOOOOOANANOOOO

ooOo0Oon

€9

S7

SUERCUTINE INPUT

ThlS ROUTINE HEADS AND PRINTS OATA
ANC INITIALIZES PZ ARRPY

FARANETER (MM=140+MS=8,MC=94sMFO=2, MTP=2¢MFL=254MB=50)

COMMCN /PRZZ/ PGZ

COMMCN /IO/TITLE(18),»I0UTsIUNITsNCOMP(MFL) ,SNCOMP(MFL)

COMMCN NT, P(MM ) sC(MMsMC) sNC(MM) s JC(MMyMC) o ITS(MS) »

1 FC(NM,MC) s PZ( MMy MC) s PC( MV MPC) s CO(MM s MPO) s F(MM) ¢ PFO(MFL sMPQ ),
2 FF(NM)sFO(MMoMPO) +CS(NMS)+PS(MFL) sNS1(MS) sNS2(MS)
3 FES(NE) +Ns NSy NPOSICONVIEs BUGs AI(MMs MC) s AC( MMy MPU) » T ITSH(MS +5) »
4 NHoF(MFL) 1 IFLOGR(MM) ¢ T(MTPysMFL)sNFSL1(MS) sNFS2(MS )+ IT(MB)INTP
5 +«NCC(MM),JOC(MMs MPQ) s TOLT

COLBLE PRECISICN PsPOsPS

CHARPCTER PAR 86

DIMENSION B MFL) s TTAMFL) +sPAR(7 )y CW(MPQO) s PHIMFL ) s NZZ(MM)

CATA  FAR/" MM 4! NMSE 0 MCHO, IMFQ! s *MTP! ! MFL' 4 MB'/

IB8UG=0

RECO AND WRITE PROJECT TITLE

REAC(5+600)(TITLE(I)sI=1,18)
WRITE(ELE01I(TITLE(I) I=1,18)

REAC GENERAL OATA

TOLT = OUTSIDE TEMPERATURE
IUNIT = 1 FOR S| UNITS

= 2 FOR ENG UNITS
ICLT = 0 FOR NO SUMNARY OUTPUT
CTFERWISE IOUT IS FILE NOC. TO
Wk ICh SUMMARY OUTPUT IS WRITTEN

REAC(S5+700)TOUTIUNIT,,IQUT
WRITE(E+411)TOUTS IUNITLICUT
IFCIULNIT «GTe 2 «0ORe IUNIT oLT. 1)GO TO 105

REAC FEIGHTS
NN=0 FOR INPUT OF ALL FEIGHTS
NN=1 FOR CALCULATICN OF FEIGHTS

READ(S+700)NH NN
WRITE(€E+412)NH,NN

IF(Nt .LE. MFL)GO TO 89
IPAR=6

GO TC 110

IF (NN .EGe 1)GO TO S7
READ (S +700) (H(I)sI=1sNH)
WRITE(€+413)(H(I)+I=14NH)
GG TC S9

REAC (S+700)H(1)+DH
WRITE(E+413)H(1)sDH

CO SE& I=2,NH
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SUBROUTINE

IM=I-1
R(I)=F(IM)+DH

READ TEMPERATURE PROFILES

REAC(S+700)NTP

INPUT

NANOHDO A WD

OO NMm

(]

HhOOOO

WRITE{ 6+ 415)NTP

IF(NTP +LE« MTP)GO TO SO

IPAR=S

GO TC 110

DO 2 IF=14NTP

REAC (S s700INNNso (I K J) e TT(J)sJ=1+NNN)
WRITE(61416INNNs( EKJ)sTT(J)eJ=1+NNN)
IF(NMN oCTo 1)GQ TC 2

CO 1 1IFF=14NH

T(IP«IFF)=TT(1)

G0 TC 3

J=1

JP1=2

CO 4 IFF=14NH

TOIPS IFF)STT(JIHTT(IPLI=-TT(I)I*(IFF-T11(JI)I/7(12C(IPL)I-11CJ))
IF(IFF oNEe I1(JP1))GC TC 4

IF(JF1l +EQs NNN)GQ TO 4

J=JpP 1

JP1l=Jd+1

CONT INUE

CONT INUE

READ OUTSIDE PRESSURE PROFILES
NN=0 FOR INPUT OF ALL PRESSURES
NN=1 FOR CALCULATION BY PCWER LAW

REAC(S+700)NPO NN
WRITE(G6+417)INPCNN
IF(NFO «LE, MPO)GO TO S1
IPAR=4

¢Q TC 110

IF(NN .EGQ. 1)GO TO &1

READ ALL OUTSIDE PRESSURES

CO &€ I=1.NPO

READ (5+700) PGZ+(PFO(Js1)eJ=1sNH)
WRITE(€+418)PGZ+(PFO(Js1)sJ=14sNH)
GO TC &5

CALCLLATE QUTSI DE PRESSURES
PATMCS IS ATMOSPFERIC PRESSURE (PA)

REAC 45+ 700) W shWeXWe(CW(1)sI=14+NPO)
WRITE(Es413)VUWeHW o XWo(CW(I)I=1,NPO)
IFCILNIT «EQe 1)VW=VW%0,2778
IFCILNIT «EQe 2)VW=VW%X0.4470
PATMCS=1013250

TOQ=T0LT+273.

IFCIUNIT «EQe 2)TOC=(TOUT+460.)/7108
PVA= 17€+. 4% VWxVW/TQC
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211
212

510

DPOOOOOOOOOOM
N

ol

111

112

OO0

SUBRCUTINE INPUT

2=-0.03417/T00

IFCIULNIT +EQe 2)Z=043048%Z

CwWM=CwW (1)

IF(NFO «.EQ. 1)G0 TO 212

DO 211 I=1.NPO

IF(CW(I) oLTe CuUMICWM=CW(I)

CONT INVE

PGZ=FATMCS*EXP(H(NH)*Z) +CWMXPVAX((H(NH) /HW )**x (2.%XW) )-100.
CO 210 I=1.NH

PH(I)=PATMOS*EXP(H(I)*2Z)

CONTINLE

DO 8z I=1,NPO

CO 82z J=1sNH

PFO(Je I)=PH(J)+CW(I)*PVAX((H(J)/HW)*% (2 +%XW))-PGZ
CUNT INUVE

BLILDING DATA INPUT
NFLS = NOe. OF FLOORS IN BUILDING

IF1 = LOWER FLOOR IN SERIES OF SIMILAR FLOORS

IF2 = UPPER FLOOR IN SERIES OF SIMILAR FLOORS

NCC = NOs OF COMPARTMENTS PER FLOOR

NZ = NOes OF CONNECTIONS TO COMPARTMENTS ON SAME FLOOR

NA = NOe OF CCNNECTICNS TO COMPARTMENTS ON FLOOR ABOVE
1=0

SNCLNP( 1)=0e

REAC(S s700)NFLS

WRITE(6+420)NFLS

IF(NFLE «GT« NH)GQ TO 106
REAC(5+700) IF1s IF 2,NUC
WRITE(6+400)IF1,1F2,NGCC

IF(IF1 «GTe IFZ)GQO TO 107
NCOMF(IF1)=NOC

IFP=1F 1+1
SNCOVMPCIFP)=SNCOMP(IF1)+NOC

CO 1¢C 1Z=1,NOC

1===1

READ (5 9700INZ s+ NASNNCQsFF(I)»IT(1)
WRITE(€E+s401)INZsNA JKNNOSFF(I)IT(I)
NZZ(1)=NZ

AN=NZ+NA

IFLOCR(I)=1IF1

IF(NN JLE. MC)GO TC 111

IPAR=3

G0 TC 110

IF(NNC .LE. MPOI)GOC TO 112

IPAR=4

GQ T7C 110

IF(IT(I) «GTs NTP «ORe IT(I) oLTe 1)GO TO 102
NC(1)=NN

IF(N2 +EQ. 0)GO TO €3

INFUT CONNECTIONS TO COMPARTMENTS ON SAME FLOOR
REAC (S+7CO)(JC(L1sJ)sC{LesJ)sAI(I+J)sJ=1,NZ)

WRITE(6+,402)
WRITE(6+403)(JC(I+J)sCUT+J)+AI(I1+J)sJ=14N2Z)
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€2
e3

OO0

10

LA OO

23

12
14

SUBROUTINE

CO €z J=1sNZ
JC ( 1,J)=JCCI, J)+SNCAMF( IFD
IF(NA EG. 0)GO TO &

INFUT CONNECTIUNS TO CCMPARTMENTS GN FLOOR ABOVE

NP=NZ+1

REAC(S5+700)(JC(I2J)+C(1+J)sAI(I0J)sJI=NPsNN)

WR I TE(E+404)

WRITE(6+403)(JC(1eJ)sC(IsJ)sAT(]sJ) sJ=NPsNN)

DC €€ J=NP NN

JC(1+44)=JC(1+J)4NCCMP(IF1)+SNCOMP(LIF1)

NCC{( 1)=NNO
IF(NNC +EQ. 0)GO TO 10

INFUT CONNECTION TO OLTSIOE

REAC(S5+700) (JOC(1+JJ)+CA(1+TJ)+A0( IhJJ) +JJI=1,4NNQ)

WRITE(64+405)

WRITE(E+403)(JCC(L14JJ)osCOCI+JI)A0C I rJJ)sJJ=1+NNO)

CQ 9 JJ=14NNO

J=d0C(1,J3J)

FOC(I «JJ)=PFQ(IFL1sJ)
CONTINUE

IF(IF1 oNEe IF2)GO TO 11
IF(IF1 «EQe NFLS)GO TO 20
GO TC 19

ASIGN CATA FOR FLOORS SIMILAR TO FLOOR IF1

IFP=1F1+1

00 17 IFF=1FP,IF2
NCOMF ( IFF ) =NOC
IFFP=IFF+1

SNCONP (IFFP)=SNCOMP(IFF)+NOC
CO 1€ 1Z=1.NOC

I= 13—

11= 2+TONCOMP( F1)
IFLOCR(C D= IFF
FF(I)=FF(I1)
ITCL)=IT(I1)
MN=NC(11)

NNO=MNCC(I1)

NC({ D=NN

NCC( I) =NNO

IF(IFF oNEe« NFLS)GC TO 23
NN=N2Z(I1)

NC (] J)=NN

IF(NN <EGe 0)GC TO 14
DO 12 J=14sNN
C(I+.)=C(I1+3)

Al(T «JI=AI(I19d)

JC( B J)=JC(I1sJ)+SNCOMP{IFF)I-SNCOMP( IE1)

COhTINUE

IF(NNC .EQ. 0)GO TO 16
DO 1£€ JJ=1,,NNO
JOC(1+JJ)=J0C(11,JJ)
J=J0C(1I,4J)

INPUT
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113

21

26

22

25

SUBROULTINE INPUT

Co(l+Ji)=CO(11s3T)
AC(I4JJ)=A0(11,JJ)
FO(l4JI)=PFOC IFFyJ)
CONTINLE

CONT INUE

IF(IF2 .EQes NFLS)GC TO 20
CONT INUE

Go 1C 7

N=

N2=N

IF(N +LE. MB)GC TO 114
IPAR=7

GG TC 110

S+AFT CATA INPUT

REAC(S5+700)NS

IF(NS +LE. MS)GC TC 113

IPAR=2

GO TC 110

DO 1€CO0 IS=1eNS

REAC (54603 )(TITSH(IS»I)e1I=1,5)
WRITE(E A06MTITSH{ ISel)sl=1,5)
READ (5+4700)CS( Id) s NFS1 (.IS) 4NFS2(IS),ITSCIS)
WRITE(E+407)CS(IS)+NFSL1(IS)NFS2(1S),1TS( IS)
N1=NZ+1

N2=N1+NFS2(IS)=NFS1( IS)

NS1( IS)=Nt

NS2( IS)=N2

IFF=NFS1(IS)-1
REAC(S+700)NNG+FFF4JCP,CCsAA

WR ITE( Gs 408)INNC +FFF 9 JCPeCCoAA
IF(NNO +EQe 0)GC TO 21

REAC (5+7C0)(JOCIN1+J)9CO(NLsJ)+sAO(N1sJ) sd=14NNO)
WRITE(6G+403) (JOC(NLsJ)sCOCNL+J)sAO(INL+3)sJ=14NND)
DO 24 I=N1,N2

NC(l)=1

NCG( I)=NNO

IFF=1FF+1

IFLOCR(I)=1IFF

IF(IFF «GT. NFLS)GO TO 25
FF(1)=FFF

IF(JCP +¢T« NCOMP(IFF))GO TO 25
JC(I4+1)=JCP+SNCOMP(IFF)

cel, 1)=cc

Al (1+41)=AA

IF(NNG EQ. 0)GO TC 24

CO 2z J=1.NNO

JI=JCCIN1, )
FO(I14J)=PFOCIFF,JJ)

JOC(I,J)=JJ

CO(I+J)=CO(N1,+J])

AD (]l +J)=A0(N1,+J)

G0 TC z4

NC(1)=0

GO TC 26

CONTINUE
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SUBRCGUTINE INPUT

EXCEPTIONS TO GENERAL SHAFT INPUT
NAN = NOe. OF EXCEPTIONS

KE 1 FOR FF EXCEPTICN

KE 2 FOR OUTSIDE CONNECTION

KE 3 FOR INTERNAL CCNNJECTIGN

[a X aNa¥aNaXal

REAC (S +700)NNN
IF(NNN +EQe 0)GO TO 100
00 éS$ 1K=1,NNN
REAC(S54+700)KEs IFF
WR ITE(6+409)KEs IFF
I=NS1(1IS)+IFF-NFS1(1S)
IF(KE +EQs 1)GO TO 41
IF(KE «EQe 2)GO TO 42
IF(KE «EGe 3)GC TO 51
GO TC 104

41 REAC(5+,700)FF (1)
WRITE(64,410)FF (1)
€0 TC €9

42 REAC(5+700)J+CCCsAAQ
WRITE(6,405)
WRITE(6+403)J+CCOsAAO
NNC=NCO( 1)
IF(NNC +EQ. 0)GO TO 44
CO 4: K=1,NNC
IF(JCC(I+K) «EGe JIGO TO 46

43 CONT INUE

44 NJC=ANC+ 1
NCO(1)=NJG

47 POC(I JNJO)=PFO(IFF yJ)
JOC(1sNJCI=J
CO(IsNJO)=CCO
AQ ( IkNJC )=AAD
GO TC €S

46 NJO =K
KK=K+1
IF(CCO «NEe 0)GO TO 47
NJC=NNC-1
NCC(1)=NJO
IF(NJO +EQes 0)GQ TO 69
D0 4S K=KKy¢NNC
KM=K=-1
FOC BKM)=PO( B K)
JOC( BKM)=JOC( BsK)
QO IkKM)=CO( ] eK)

49 A0 (1 «KN)=A0(I,4+K)
G3 TC 69

21 READ (S +4700)JCPsCCsAA
VRITE(E,402)
WRITE(E+403)JCPCCHAA
J=JCF+SNCOMP(IFF)
NN=NC(1)
IF (NN .EGe 0)GO TO S§3
DO €2 k=1eNN
IF(JC(1,K) «EQe JIGO TO S5

€2 CONT INUE
IF(CC oNEes 00)GC TO 53
WRITE(E+520)1 SsKEy IFF

36



SUBROUTINE INPUT

GO TC €S
€3 NI=NN+1
NC(I)=NJ
€4 JC(INJ)=J
C(1l+NJ)=CC
AlC lkNJ)=AA
GO TC 69
g8 NJ =K
KK=K+1
IF(AR NE. 02G0 TO 54
Nd=NN=-1
NC( B =NJ
IF(NJ «EGe 0)GO TO 65
CO 61 K=KKsNN
KM=K- 1
JCLl+KN)=JC(IsK)
C( B kM)I=C(1,4K)

€1 AlClIsKM)=A K IK)
€9 CONTINLE
100 COhT INLE
NT=NZ
IF(NT «LEe MM)GO TO 160
1PAR=1
GCl TC 110
C
C PRINT CUUTSIDE TEMPERATURE
C
160 WRITE(Ee60LXI(TITLEC D sI=14 12)

IFCIULNIT o«EGe 1)WRITE(6+4800)TOUT
IF(ILNIT +EQe 2)WRITE(ELECOITOUT
IF(IUNIT «EQe 2)TOQUT=(TOUT-32.)/1.8
TOUT=TCUT+273.

[oNe@]

PRINT FEIGHT AND TEMFERATURE PROFILES

IFCIULNIT «EQe LIWRITE(6+811)(IPLIP=1,NTP)
IFCIULNIT .EQe 2)WRITE(6+511)(IP,IP=1,NTP)
WRITE(€,813)
CC 3C IFF=14NH

0 WRITE(E+s812)H(IFF ) +(T(IF+IFF)+IP=14NTP)

CCAVERT TEMPERATURES TO DEG K

OO O0ON

DO 33 1IFF=1,NH

CO 33 1IF=1.NTP

IFCILNIT «EQe 2)T(IPSIFF)=(T(IP,IFF)-324)/1.8
3 TCIPWIFF)=T(IPs IFF)+2730

PRINT OUTSIDE PRESSURE FROFILES

ONO w

IF(ILNIT .EQe 1)GO TO 79
WRITE(E:514)(IP+1IP=14sNPC)
WRITE(E,813)
LO 7€ 1FF=14NH
0O 77 J=1,NPO

7 PFC(IFF J)=PFO(IFF +J)/248.8
WRITE(E+S1ISIHCIFF ) +(PFO(IFFsJ) o J=1sNPO)
CO 7€ J=1sNPO

37



70
76

79

moO oOnN
w [

58
€0

Mo oo

oo

OO0 MW

SUBROUTINE INPUT

PFC(IFF J)=PFO(IFF +J)*24E,.8

CONT INUE

GO TC e3

WRITE(6+814)(1IP+1P=1,NPC)

WRITE(E,813)

00 31 IFF=1,.NH
WRITE(EWELISIHUIFF) s (PFOCIFF+J) +J=1.NPQ)
CONTINLE

CCRRECT FOR CONNECTICNS GNLY INPUTED ONCE

OO0 €C I=1eNT

AN=NC( 1)

IF(NN ECe 0)GO TO 60
CO S€&€ JJd=1sNN
J=JdC (| sJdJ)

IF(J «EQe. 0)GO TO 58
NNJ=NC(T)

IF(NMNY EQe 0)GQ TO 57
DO S€ IA=1,NNJ
IF(JC(JsIA) EQ. TI)GO TO 58
CON7 INLE

NNJ=MNJ+ 1

IF(NNJ JLE. MC)GO TO 5SS
IPAR=3

GO TC 110

NC(J)=NNJ

JCC(JINNI)=1
C(I«NNJ)=C(1rIJT)
ATCIINNI)ISAT( R JJ)

IF(J «GTe N «ORe H «GTe N)GO TO 58
PZ(JsNNJI)==PZ(1,JJ)
CONT INUE

CONTINLE

CCRRECT UNITS
IF(IWNIT «EQ. Z2)CALL UNITS
INITIALIZE PZ FOR BUILD COMPARTMENTS

CO 4C I=14N

NN=NC(1I)

IF (NN +EGe 0)GO TO 40

IA=T17(1I)

IFI=IFLOCR(I)

CO 3E JJ=1sNN

J=JC(1,5J)

IFJ=1IFLOCR(J)

IF(IFI «EQe. IFJ)IGO TO 3e
I8=IT(J)
TEMPA=0S*(T(IALWIFI)+T(IBLIFJ))
PZ(14JJ4)=3462.%(H(IFJ)-H(IFI1))/TEMPA
CONT INUE

CGNT INLE

INITIALIZE PZ FOR SHAFTS
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SUBRCUTINE INPUT

OC €C IS=14NS

N1=NE€1(1IS)

N2=N€2(1IS)-1

ITT=1TS(1S)

DO 45 I=N1.N2

IF B=H=£0CR(1I)

IFJ=1F 13—
TEMPA=QS*(TUITTHLIFI)+T(ITTHIFJ))
PZ( 0s 1)=2462. % (H(IFJ)-HC(IFL1))/TEMPA

45 CONT INUE

EO CONT INLE

<

C CHECK SHAFT CCNNECTIONS
<

CO 240 IS=1NS
N1=NE1(1S)
N2=N€2(IS)
CO 239 I=N1sN2
NN=NC( 1)
IF(NM «EQe 0)GO TO 23¢
CO 226 J=1.NN
JJIz3JdC(1,44)
+ IFCIFLQOR(I) oNEs IFLOGCR(JJ)IGO TO 103
236 CONTINLE
239 CONT INUE
240 CONT INVE

RETURN
C
c
c DIAGNOSTIC OUTPUT
<
102 WRITE(€,902)I.IT(1)
GO TC 109
103 WR NE(€&,903)
GO TC 109
104 WRITE(6,504)
GO TC 109
105 WR ILE(€+905)
G0 TC 109
106  WRITE(€,906)
€@ TC 109
1C7  WRITE(6,507)
GO0 TC 109
110 WRITE(€.$10)PAR( EPAR)
c
c PRINT CORRECTED BUILDING OATA
C

109 WRITE(E+,S40)

DO 7C I=1sN

NN=NC(I)

IF(NN «CTe. 0)GC TO 180

WRITE(€+sS41)I,IFLOCR(I)SZIT(I)SFF(I)

¢ TC 182
180 WRITE(E+sSA2)I+IFLOCRCID s IT(I)oFF(I)sJC(I41)sC(Is1)0AI(I,1)
IF(NN +EGe. 1)GC TO 182
WRITE(ESSAZ)(JC(I+3)sC(LIsJ)AT(I4J) 2J=2,NN)
182 NNC=NCC( 1)

IF(NNC .EQ. 0)GC TC 70

39



OO0 N

72

74

OO N

400
401

402
403
404
405
406
407
408

409
410
411
412
413
414
415
416
417
410
419

420
Z00
€11
514

€15

SUBROUTINE INPUT

WRITE(E+sS44)(J0C(1+J)+COC14J) A0(I1eJ) oJ=1,NNO)
CONTINLE

PRINT CORRECTED SHAFT INPUT OATA

CO 8C 1S=14NS

WRITE(6+816)(TITSH(ISsI)s1I=1,5)
OQITE(C.EOG?IS'CS(|S)QIT$(|S)

N1=NE1(IS)

N2=NE2(1IS)

WRITE(E,807)

CO 7% I=N1,N2

AN=NC( 1D

IF(NN «GTe 0)GO TO 72

WRITE(E ,801 YIFLCOR(I) FF(1)

¢0 TC 74
WRITE(E+8B808)IFLCOR(I)IFF(I)sJC(Isl)eCU BIIsAICL,y 1)
IF(NN EGe 1)GO TO 74

WRITE(€4+809)(JC(I+d4),CC II)sA K h3)+9=2,NN)
NNC=MCC(1I)

IF(NNO .EQe 0)GO TO 75

WRITE(E+810)(JOC( Ned)sCO(IsJd)sAQ(IvJ) sJ=1sNNO)
CONT INLE

CONT INLE

STOP

FORMAT STATEMENTS

FORMAT (SXySHIF1 =913¢7Hs IF2 =eI3+7Hs NOC =013)

FORMAT(SX+4HNZ =9 I3s6H NA = 9I347Hs NNO = +I3e6Hy FF =,F84l s
+ 7kr IT =+13)

FORMAT(SXs 25HCONNECTION ON SAME FLOOR )

FORMAT(SXs3HJ =913 95Hs C =¢F10e3e5Hs A =¢F9e4)
FORMAT (5X+ 26HCONNECTION TO FLOOR ABOVE )

FORMCT (S X+ 22HCONNECTION TO OUTSIOE )

FORMAT(5X,5A4)

FORMAT (5X+4HCS =¢FGels8He NFS| =¢4I3¢8Hs NFS2 =¢l337He ITS =,13)
FORMAT(SXsSHNNO =9I3+7He FFF =4FBels5Hy 3 =313+85Hy C =+ F10.3,
+ €EHs A = ,F9.4)

FORMAT(SXs4HKE =4 13, 7Hy IFF =,13)

FORMAT(SX 44HFF =4F841)

FORMLT (SXs6HTOUT =eF6Ee0sSHs [UNIT =+13s8Hs [OUT =+I3)
FORMAT(SX,4HNH =4 13,6H, NN =413)

FORMAT (5X47HHEIGHTS /(10F€.2))

FORMIT (S5Xe6HH(1) =eF8e29€EHy OH =9F842)

FORMAT (6Xs SHNTR =4 13)

FORMAT (SX+s20HTENPERATURE PROFILE /154+(10(14,F741)))

FORMAT (5XSFNPO =913+6hs NN =413)

FORMAT (5X45HPGZ =+F12e1/17HPRESSURE PROFILE Z/(10F12.1))
FORMAT (SX 44HVW =eF€Eelsb6Hy HV =9F6el936Hs XW =9Fle246Hy CW =
+ (10F4.2))

FORMAT (/5X+ 6HNFLS =,13)

FCRMAT(//10X+20HOUTSIDE TEMPERATURE sF6el92H F)

FORMAT ( /775X +6HFEIGHT 45X, 29HTEMPERATURE PROFILES (DEG F) /
T TXseFFT93Xy91916)

FORMAT (/ /775X »6HHEIGHT +5X+26HOUTSIDE PRESSURE PROFILES

1 i1k (IN H20) /X 2HF Te3Xe8110)

FORMAT(F11e2¢3X+8F 1003)
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SUBROUTINE INPUT

t20 FORMAT (///5X+ 1SFERROR I N SHAFT 12,1 3HEXCEPTION KE = 12,
+ 2X,E&HFLOGQR 4 13/7)
€00 FORMAT(18A4)
€01 FORMAT(1F1///710Xy18A8/77)
e03 FORMAT (5A4)
700 FORMAT( )
€00 FCRMAT(//10X+20HOUTSIDE TEMPERATURE 2FOele2H C)
€01 FORMAT(I134F1141)
€06 FORMAT ( 10X 12HSFAFT NUMBER ¢14/10Xs17HSHAFT COEFFICIENT #F10e1/
1 10X 20HTEMPERATURE PROFILE +14)
807 FORMAT(/21XsSHFIXED 25X+ 4HFLOW s 12X+ 4HFLOW /10X » SHFLOOR+6 X
1 4FFLOWsSEX+12HCONNECTED TO +6X11HCOEFFICIENT +6Xy8H AREA
2 /)
808 FORMAT(I134F11e1s 6XsSHPCOINT+159F 16e8sF154¢4)
ECS FORMAT (30X+ SHPOINT+ISsF16e19+F1544)
E10 FORMPT (30X 47HOUTSIDE s134F16e14sF1544)
€11 FORMAT ( /775X s6+FEIGHT s EX929HTEMPERATURE PROFILES (DEG C) /
+ 7XsZ2HM +3Xs191€)
E12 FORMAT(F 11e2+3X +s19F 64 1)
€13 FORMAT (/)
el4 FORMAT(/ /775X s 6HHEIGHT ,5X,26HOUTSIDE PRESSURE PROFILES
1 11+ (FASCALS) /77TXs2HM +43X+8110)
E15 FORMAT(F1142¢3Xs8F1041)
g16 FORMAT(/ /710X s SA4)
el7 FORMAT(10X+45HFLOW COEFFICIENTS CORRECTED FOR TEMPREATURE )
s02 FORMAT(10(/)+ 10Xy 1 IHCCMPARTMENT 414/
1 10Xs20RTEMPERATURE PROFILE +14417H DOES NOT EXIST 7/
+ 10X 1 EHPROGRAM STOPPED 410(/))
03 FORMAT(10(/),5X,23HSHAFT CONNECTION ERROR ,
1 /10X+16+PROGRAM STOPPED +10(/))
S04 FORMAT(10(/) 410Xy 40HINPUT ERROR IN EXCEPTIONS TO SHAFT DATA
1 Z710X416FPROGRAN STOPPED +10(/))
405 FORMAT(10(/)+10Xs37HINPUT ERROR IN UNIT TYPE DESIGNATION /7
1 10X,16FPROGRAM STOPPED +10(/))
CC6 FORMIT(10(/)+10X, 37THINPUT ERROR NO+ OF FLOORS EXCEEDS NH /
1 10X +1 EHFROGRAM STCPPED +10(/))
507 FORNAT(10(/)+10X+25SHINPUT ERROR IF1 «GTe IF2 /
1 10Xy 1E6HFROGRANM STOFPED +10(/))
$10 FORMAT(10(/) 410X, 36HINPUT EXCEEDS DIMENSION PARAMETER +A3/
+ 10X+16FPROGRAM STOPPEO +10(7))
S30 FORMAT (1 OX+3A6)
C35 FORMAT (// 10X+ 26HFLOW COEFFICIENTS AS READ )
S40 FORMAT (10X+s1SHBUILOING DATA //34X,11HTEMPERATURE +4X 4 SHFIXED,
1 12X32(11X¢4HFLOW) 710X+ 1 1HCOMPARTMENT +4X ¢ SHFLOOR +6Xs 7THPROF ILE
2 EXs4FFLOWsSX 9 12HCCNNECTION TO +4Xe 11 HCOEFFICIENT 14X,
3 8F AREA )
S41 FORMAT(/4X+3112,F14.1)
S42 FORMIT(/4X+s3112eF14¢164XsSHFOINTsI7+F 1102,F1544)
Cc43 FORMAT (58X 4SHPCINTs179F1142+sF1544)
S44 FORMAT(S58X +9HOUTS | DE v134F11e2+F 1504)
ENC

aHDG P SUEROUTINE CORReLs i
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SUERQUT NE CUORR

ANBS*PLIES «SFCW A CORR
SUERCUTIN€ CORR

C
C THIS RCUT INE CALCULATES ADJUSTED FLOW COEFF IC IENTS
C (CleC2,CC1,CC2)
C
PARANETER (MM=140+MS=8,MC=9+MFO=2,MTP =2y MFL=25,M8=50)
CCMMCN /CORR/C1(MMaMC)sC2(MMoMC) ¢ COL(MM,MPO)+CO2(MM,MPO)
COMMCN NT, P(MM) C(MMoMC) s NCI(MM) 3 JC(MMsMC) s ITS(MS),
1 FC(NMMC) +sPZ(MMy MC) s PO(MMsMPO) +CO(MMsMPO) »F( MM) » PFO(MFL s MPO)
2 FF(NMM) yFO(MMoMFO) +CS(NE) s PSIMFL )sNSL1 (MS) sNS2(MS)»
3 FSSIMS) sNsNS I NPO 9 ICONVIE+IBUGIAI (MMyMC) s AO(MMyMPO) s TITSH(MS +5) »
4 NFLF(NFL)IFLOOR(MM) s T(MTP sMFL ) sNFS1(MS) s NFS2(MS)HIT(MB)NTP
S +NCC(VMM) 4 JOC( NNy MFC) » TQUT
COUELE PRECISION P,,FO,PS
CO 12 I=1.NT
C
C CORRECT C
C
PATMCE=101325.
BEB=1C00. *SQRT (2 %PATMOS/287¢) /1.2
NN=NC( 1)
IF(I «CTe NIGO 70 1
IP=I1( 1)
€0 TC 4
1 CO 2 IS=14NS
IF(I oLE e NS2(IS) +ANCs 0 «GE. NS1(IS))GD TO 3
2 COhTINCE
WRITE(e.700)
STOP
3 IP=I11S(IS)
4 IFF=IFLOGR(I)

T1=T(IF, IFF)

IF (NN .EQ. 0)GG TO 10

CO 9 J=1,NN

JJ=JC (1,5 4)
Cl(1,J)=BB*C( | sJ)*AI(I,J)/SART(T1)
IF(JJ «GTe N)GQ TO S

IP=1T(JJ)

GO TC 8

CO &€ IS=14NS

IF(JJ oLEe NS2(IS) <ANC. JJ «GEe NS1(IS))GO VO 7
e CGNT INLE

WRITE(€E,700)

STOF

IP=ITSCIS)

e IFF=1FLOGR( JJ)

T2=T (1P, IFF)

C2( By J)=BB*C( B J) *AI(I,J)/SART(T2)
CONT INCE

m

~

CCRRECT CO

POOOW

0 ANC=hCCC(I)
IF(NNC EQG. 0)CC TO 12
CO 11 J=1,NNC
CO1(1,J)=BB*CO(1I,J)*AC(I sJ)/SGRT(T1)
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SUBROUTINE CORR

CO2( 1s J)=BB*CA( 1+ J)*AC (I+J)/SQART(TOUT)

11 CON1INLE

12 CONT INLE
RETURN

700 FORMAT (///10X ¢ 36HPROGRAM STOPPED I N SUBROUTINE CORS8 /77)
END

2FDGLP SUBROUTINE INITeLsl
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SUBRCUTINE INIT

ANBS*PLIES «SHCW AJINIT

[aNaWaWal

o000

eNeNeNeNa Ne)

[eNeKe]

15

16

17

i8

[ VR

SUERCUTINE INIT

THIS ROUTINE INITIALIZES THE PRESSURE ARRAY

PARANETER (MM=1404MS=8,MC=9sMFU=2,MTP=2+MF.=25,MB=50)
PARANETER (MBP=MB+1)
COMMCN /CORR/C1(MMoMC) +sC2(MM4MC)+COL (MM, MPO),CO2(MM,MPO)
COMMCN NT, P(MM) yC(MMoMC) ¢ NC(NM) s JC(NMsMC) o ITS(MS),
FCUNMaMC) 4 PZ (MM MC) s PC(NMMPC ) CO(MMMPO ) +F(MM) , PFO(MFLsMPO),
FF(NMM) FO(MMsMPO ) sCS(NES)+PSIMFL) +NS1(NS) sNS2(MS)»

FSS(MS) sNsNS yNFO,y ICONVIE+» IBUGs AI (MM MC) s AD(MM,MPQ) yTITSH(MS »5)»
NHsF(NMFL) s IFLOOR(MM) s TCMTP s MFL) s NFS1(MS) ¢NFS2(MS), IT(MB)NTP
s NCC(MM) s JGC( MMy MFC) » TOUT
COUELE PRECISICN FoFQsFS
CIMENS ION SC(MS)s SCO(MS)
COMMCN /MAT/A(ME, MEP) o XX (NB) s NNN
COUELE PRECISION A,XX
NNN=A

CALCULATE AVERAGE OUTSIDE PRESSURE

SUM=Co.

CO 1C J=1.NPO

CC 1C I=1sNH
SUM=SUM+PFO( ] ¢+ J)
FA=SLM/(NPO*NH)

THE CO LOOP TO STATEMENT 30 ESTIMATES
SHAFT PRESSURES

DO 30 1S=14NS
CALCULATE SHAFT PRESSURE CIFFERENCE s 0P

SUN=Ce

SUMN=0.

N1=NS1(CIS)

N2=N€2(IS)

CO 18 I=N1sN2
SUM=SUM+FF (1)

AN=NC( 1)

IF(NMN «EGCe 04)G0 TO 16
DO 1€ J4=14NN
SUMN=SUMN+C1(1.,J)

CONT INLE

SC(1£)=SUMN

NNC=NCC(I)

IF(NNO +EQe 0)GO TO 18
DO 17 J=1+NNO
SUMN=SUMN+CO1( 1+J)
CONT INLE

SCO( IS)=SUMN-SC(IS)
CONTINLE
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SUBROUTINE INIT

CP2=SUN/SUMN

SIGh=1.

IF(CF2 «LTe 0e)ISIGN=-1a
DP =S IGAX (SIGN*DP2) **2

CALCLLATE AVERAGE TEMP CF SHAFT

[eNeoNe]

SUM=Co
IP=118(IS)
00 20 I=N1sN2
IFF=1FLOCR(I)

20 SUM=SUM+T (IP, IFF)
TJA=SLM/({N2-N1+1)

ES'IIYATE PRESSURE AT BCTTCM OF SHAFT s PBOT

NQO

FH=0e5*(H(NH)-H(1) )+H(1)
NF1=NFE1(IS)
PBOT=PA+DP+3462.%(HH-R(NF1))/TA

ES'l | MATE OTHER SHAFT PRESSURES

[oNeNe]

P(N1)=PBQT
NM=NZ-1
00 24 I=N1.,NM
IP1=1+1
24 PCIPL1)=PC BD-PZ( Is 1}
20 CONT INUE

ENC CF SHAFT PRESSURE ESTIMATES

SET UP MATRIX FOR BUILDING CCMPARTMENTS

OMNOOO

NPl1=h+ 1
00 5C I=1sN
NN=NC( 1)
SUMII=0.
SUMNF=0.
IF(NN «EGe 04)GC TO 42
CO 4C JJ=1eNN
J=JC (1 +JJ)
IF(J «CT« N)GO TO 34
A(ls)=Cl(1I,4J)
SUM BB=SUMII—-C1( B JJ)
SUMNF=SUMNP-C1 (1, JJ)*PZ(1,JJ)
GO TC 40
24 SUMII=SUMII-C1(1,JJ)
SUMNF=SUMNP-C1(1,JJ)%P(J)
40 CONT INUE
42 ANC=NCC(I)
IF(NNO <«EQe 0)GO TO 46
DO 4% K=1,NNO
SUMI I=SUMI I-CO1I(I +K)
4c SUMNF=SUMNP~CO1(I +K)*FB(1,+K)
4€ A(ls1)=sSUMII
ACI +NF1)=SUMNP-FF (1)
0 CONT INUE

O M
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SUBROUTINE INIT
C WRITE MATRIX
IF(IEUC .EQe 0)CGO TO 84

WRITE(€,802)
00 €2 I=1.N

e2 WRITE(E,803)(A(IsJ)sJ=1,4NF1)

<

C

C CALL ROUTINE TO SOLVE FOR INITIAL BUILDING PRESSURES

C

e4 CALL SIMEQ

C

C OUTPUT INITIAL PRESSURES

C
IF(IEUG «EQ. 0)GO TO 8$
WRITE(€+800)
WRITE(ESEOL)(I+XX(I)sI=1,4N)
NN=N€1(1)
WRITE(ESEO0LI(I+P(I)+I=NNINT)

Cc

C

C ASSIGN EUILDING PRESSURES

C

€9 00 SC I=1,N

SO P(I)=XX(1)
RETURN

800 FORMAT(//7/78(6Xs1HI 44X s3HP )}/)
€01 FORMAT(8(17+F7.1))

€02 FORNAT(//7/710X+20HMATRIX COEFFICIENTS /)
EC3 FOCRMAT(10Xs11F11e1)

ENC
arDGsP SUBROUTINE BLDGPeLs1
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SLUBROUTINE BLDGP

ENBS*PLIESSHQOW ABLOGP

oo 0O0

oOooMNANO

OO0

(LT Vo

SUERCUTINE BLDGP

THIE ROUTINE CALCULATES STEAOY STATE PRESSURES
FOR BUILDING COMPARTMENTS

FARANETER (MM=140,MS=8,MC=9,MPC=2 ,MTP=2 ¢ MFL=25,MB=50)

COMNCN NT, P(MM) s C(MMsMC) s NC(MM) o JCUMMoMC),y ITS(MS),
FC(NMMC) s PZ( MM, MC) 4 PO(MMsMPO) s CO(MM s MPO ) 4 F( MM ) o PFO(MFLoMPO),
FF(NM ) FO(MMoMPO ) yCS(N¥S)sPS(MFL ) sNS1(NS) ¢NS2(MS) »

FES(ME) osNsNS sNFO s ICONVE+ IBUGs AT (MM MC) s AO( MMy MPO) +TITSH(MS+S) o
NEoFI{NFL) s IFLOCOR(MM) s T(MTP¢MFL ) yNFS1 (MS) sNFS2(MS)+IT(MB) +NTP
s NCC(WM), JOC( MM, MFC) »,TQUT

COUELE PRECISION PoFO,PS.PI
IF(IEUC «GTe OIWRITE(6,806)

ITM=100
ICONV=O0

CO 1¢ I=1.N

CALCLLATE NET FLOW oFIs INTC POINT I
FI=PFLCW(I.P(1))

CHECK YAGNITUDE OF F1
IF(AES(F1) +.Te ENGO TO 1€
ICCNV=ICCNV+1

SET LP PARAMETERS FOR ITERATION
CP=140

IPHASE=1

CPI=zCo

EE=0 +2*AEBS(F 1)

IF(EE «.Te E)EE=E

SIGN=1

IF(F | oLTe O¢)SIGN=-1

IK=0

IF(IEUG +GTe O)WRITE(G6,202)

ITERATICON TO RECUICE MAGNITUDE OF FN
IK=1k+1

NEW ESTIMATE OF PRESSURE #Pls AT POINT 1
PI=P (I )+SIGN*DP

CALCLLATE NET FLOW +FNe INTO POINT B USING PI
FN=FFLCW(I.PI)
IF(IEUGeCTeO)WRITE(6+804) MIK+sFIsFN+sFPIDPIJDP4OPPePI¢IPHASE

CHECK YAGNITUDE OF FN
IF (AES(FN) LT« EE)GD TO 10

CFRECK NUMBER OF ITERATIONS
IF(IK «GTe ITM)GO TO 25

CHECKk FHASE
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SUBROUTINE ELDGP

IF(1FFASE .EQe 2)GO TO 6

C
C CFECK FOR TRANSITION FROM PHASE 1 TO PHASE 2
IF(FI*FN oLTe 0¢)GC TO 4
C
C PHASE 1
CPI=CF
CP=5,04DP
FI=FA
€0 TC 2
C
C FHASE 2
4 IPFASE=2
GO TC 9
€ IF('FI*FN .GT. O-)GO TO 8
C
o] NEwW CP EETWEEN DPI AND DP
S CPP=CP
FP=FM
CP=DF IT(CPP-OP | )*FI/(FI-FN)
GO TC 2
C
C NEw [P EETWEEN CP AND CFF
E FI=FN
CP1=CP
CF=CF14(CPP-DP 1)*XFN/(FN-FP)
Ga0 TC 2
10 P(I1)=P1I
15 CONT INUE
C
KRETURN
s WRITE(E+800)
STOF
C
C FORNAT STATEMENTS
C
800 FORMAT(/ /710X 20( 1H*)/ /710X 22HEXCESSIVE |ITERATIONS /

+ 10X+8FIN BLDGP Z/710X+20(1H*)//7/77)

e02 FORMAT(//11X s 1H 14 2Xe 2H1T ¢12X e 2HF 1 ¢ 13X ¢ 2HF Ny 13Xs 2HFP » 12X » 3HDP | s
+13Xe2FCPs12Xs3FDPP ¢13Xe2HPI 43X+ SHPHASE 7)

€04 FORMAT (8X+21443E15¢444F 15¢6415)

€06 FORMAT( //7/10Xs 6HBLDGF )
END

arDG.P SUBROUTINE SHAFTP.Ls1
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SUBROUTINE SHAFTP

iNEBS*PLIES.SFOW A.SHAFTF

a N aNaNaRa¥al

[a N a BN aKa)

no

NP WN -

SUERCUTINE SFAFTP

THIS RCLTINE CALCULATES STEACY STATE FRESSURES
FCR SHAFTS

PARANETER (MM=140,MS=EoMC=9,MFC=2,MTP=2yMFL=25+M8=50)
COMMCN NT, F(MM) sC(MMsMC) s NCI(MM) » JC(¥MsMC) s ITS(MS),
FC(NMM ¢MC) s PZ(MMy MC) s PO(MMoMPLC ) yCO(MMI MPO) »F(MM),, PFO(MFLsMPO),
FF(NM)FO(MMsMPO ) sCS(MS) +PS(MFL ) NSL1(MS) {NS2(MS) »
FSS(NE) oNsNS sNPO s ICONVIEs IBUGC AT (MM MC) s AO(MMMPO) s TITSH(MS +5) »
NEo F(NFL ) IFLCCR(MM) s T(MTF s NFL) +sNFSL1 (MS) sNFS2(MS)s IT(MBINTP
s NCC (MM ), JOC( MM, MPQ) s TOUT
COUELE PRECISION FP,POsFPS,PI
IF(IEUC «GTe O)WRITE(6,E0€)
ITM=100
ICCNV=0
CO 15 I=14NS

CALCLLATE NET FLOW +F1, INTC PCINT I
NI=NE1(I)
FI=SFLCW(IP(NI))

CHECK MAGNITUDE OF F1
IF(AES(F1) +.LTe. E)GO TO 15
ICONV=ICCNV+1

SET LP PARAMETERS FOR ITERATICN
DP=1.0

IPHASE=1

CPRI=Ce.

EE=0.2%ABS(FI)

IF(EE T« E)EE=E

SIGN=1

IF(F| «Te O0)SIGN=-1

IK=0

IF(IEUG +GTe OIWRITE(G6,802)

ITERATICN TO RECUICE MAGNITUDE OF FN
IK=1K+1

NEw ESTIMATE OF PRESSURE +PIs AT BOTTOM OF SHAFT 1
PI=F(N1)+SIGN*DP

CALCULATE NET FLOW sFNhy INTO SHAFT R USING PI1
FN=SFLOW( hPI)
IF(IEUGeCT«OIWRITE(6+804) | o IKs FIsFNsFP,DPI sDP 4DPP P14 IPHASE

CHECK YAGNITUDE OF FN
IF(AES(FN) «LTe EEIGO TO 10

CRECK NJUMBER OF ITERATIONS
IFCIK GTe ITM)GO TO 25

CHECK FHASE
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SUBROUTINE SHAFTP

IF(IFFASE .EQ. 2)GO TO 6

o0

CFECK FOR TRANSITICN FROM PHASE 1 TO PHASE 2
IF(FI%*FN «LTe 0.)GQ TO 4

o0

FhASE 1
DPI=CP
CP=5.0#DP
FI=FN

cQ TC 2

FFRASE 2

IPHASE=2

G0 TC S

IF(F I¥FN +GTe 0e)GO TO 8

e A0

NEW CP BETWEEN CPI AND OP
CPP=CP

FP=FN
DP=DF1+(CPP-DPI)*FI/(FI-FN)
co TC 2

nooo

C NEw [P BETWEEN OP AND DPP
E FI=FN
CP1I=CP
DP=CF1+(OPP—-DPI)*FN/(FN=-FP)
G0 TC 2
10 N2=NE2(1)
CO 11 IF=N1sN2
II=IF+1-N1
11 FOIF)=PS(11)
15 CONTINUE

RETURN
25 WRITE(€4+800)
STOP

C
C FORYAT STATEMENTS
C
g

00 FORMAT(//7/710X+20(1H*)///710X+22HEXCESSIVE |TERATIONS /
+ 10X+9FIN SHAFTP /Z/7/10X200LH*)///7/77)
EO02 FORMAT (//11Xs 1H1412Xs2HIT 9 12Xe2HF 1 ¢ 13X+2HFN+13X92HFP 912X+ 3HOP |y
+ 13Xy 2HCP 412X 4 3HDPP 413X 42HF 1 43X +SHPHASE /)
€04 FORMAT(8X+2I4+3E1SeQ+4F15.€4185)
€06 FORMAT ( //710Xs EHSHAFTPR)
END

EFDGsP SUBROUTINE PZAO Ll
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SUBROUTINE PZAO

AINBS*PLIES$«SHOW A.PZAO

[eNel

15
SO

€00

€01
€02
€03

[V VU VI

SUERCUTINE PZAD
TH1S RQUTINE CORRECTS PZ TERMS FOR PRESSURE

FPARANMETER (MM=140+MS=E8,MC=9,MFQ=24,MTP=2,MFL=25,MB=50)

COMNMCN NT, P(NM) +C{MM 4 MC) sNC(MM) s JC(MM,MC), ITS(MS),
FC(MMsMC) sPZ( MMy MC) s PCG( MM MPC) »CO(MM s MPO ) s F(MM) s PFO(MFL 4MPO ),
FF(NM),FO(MMMPO ) sCS(MS)+sPS(MFL ) +NSL (MS) +NS2(MS)
FSS(MSE) oNoNS sNFO s ICONVIEs IBUG» AT (MMyMC) s AD( MM, MPO) »TITSH(MS +5) »
NHe F(NFL) s IFLOCR(MM) s T(MTP +MFL) aNFS1 (MS) 4NFS2(MS)s IT(MB)NTP
s NCC(MM) s JOC(NMVM4 MPO) » TOUT

COVMMCN sPZZ/ PGZ .

COQUEBLE PRECISION PoFQ.PS

IF(IEVUG .GT. -2)GO TO 1

WRITE(E,800)

CC 2 I=1,4N

NN=NC( 1)

IF(NN +EQe 0)GO TO 2

WRITE(E+801)(IsJsPZ(IsJ)sJd=1,sNN)

CONTINLE

NP1=h+¢1

WRITE(E+,802)(ILPZ{IL+1)+IL=NP1,NT)

CO 1C 1I=1,N

NN=NC( 1)

IF(NN «EGC. 0)GC TQ 10

IA=1T(1)

IFI=IFLOCR(I)

DO & JJ=1+NN

J=JC(1,+JJ)

IFJ=IFLOCR(J)

IF(IF1 .EQ. IFJ)GO TO 8

1IB=1T(J)

TEMPA=0.S*(T(IALWFI)+T(IB,IFJ))

FAVE=0 5% (P (I1)4P(J))+PGZ

PZ(I14JJ)=(0.03416*PAVE/TEMPA)*(H(IFJ)-H(IFI))

CONT INUE

CONT INGE

CO 20 1S=1sNS

N1=NE1(IS)

N2=NE2(1S)-1

TTY=1TCI T
AV V=21 <\ b

CO 15 I=N1,N2

IFI=1IFLOGR(I)

IFJ=IF I+1
TEMPA=ZO0«SX(T(ITTLIFI)+T(ITT,,IFY))

J=1I+1 :

PA=0 S5*(P(1)+P(J) ) +PGZ
PZ(1+41)=(0.0341€6*%PA/TEMPA)X(H(IFJ)-H(IFI1))
CONTINLE

RETURN

FORMAT(/10X,10HINITIAL FZ /)

FORMAT (10X 3HPZ (9 I241He12e4H) = 2sFl1244)
FORMAT(10X+3HPZ(s I2+6Hs1) ¢ 21Fl12¢4)
FOCRMAT(/10X»11HADJLSTED PZ /)

END
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SUBROQUTINE OUT

ANES*PLIES«S+tOW A.OUT

AOOO0 OO0

eNeNaXe)

RrOAA

@D n

SUERCLUTINE OUT

T+ IS ROUTINE OUTPUTS FLOWS AND OIFFERENTIAL PRESSURES
FCR ALL SHAFTS AND BURDING COMPARTMENTS

PARANETER (MM=140,MS=8yMC=9¢MPC=2,MTP=2,MFL=25,MB8=50)

COMMCN /CORR/C1(4MoMC)2C2(MMsMC) +COL( MM, MPO) 4+ CO2(MM,MPO)

COMMCN /IO/TITLE(18)+I0UT+IUNITINCOMP(MFL) +SNCOMP(MFL)

COMNMCN NT, P(MM) ¢CI(MMoMC) ¢+ NC(MM) s JC(MMsMC) s ITS(MS)»
FC(MMoMC) s PZ(MMy MC) s PC(MMsMPO ) 4 CO(MMMPO) oF( MM) 4 PFO(MFL 4 MPO)
FFE(MV)FO(MMoMFO) +CSI{NMS) s FS(MFL ) sNSL1 (MS) »NS2(MS),

FSS(MS) sNeNS sNFO s ICONVIE+IBUGIAL (MM MC) s AO(MMiMPO) s TITSH(MS +S) »
NFoF(NFL) o IFLOOR(MM) s TIMTP oMFL ) sNFS1 ( MS) s NFS2(MS) s IT(ME) 4NTP
o NCC (MM )4 JOC(NMMs MFC) s TOUT

CCUELE PRECISICN P+FQ.FS

INTEGER COM

NP WwN ™

IUNIT = 1 FOR S| UNITS

ILNIT = 2 FOR ENG UNITS

WFEN IUNIT = 2 GO TO 100
IF(IULNIT +EQe 2)GC TO 100

EUILCING COMPARTMENT OUTPUT

I=0

IL=0

WRITE(Ee800)(TITLE(I) oI=1,418)

CC 2C IFF=1.NH

NNN=NCCMFC IFFJ

IF(NAN .EQ. 0)GO TO 30

DO 26 IC=1sNNN

(B

NN=NC(1)

NNC=NCC( 1)

ILSIL+MN+NNO+2

IF(IL «Te. §1)GO0 TO 2
CRITE(E+800)(TITLEC])sI=1,18)
IL=NN+NNC+2

IF(NN «GTs 0)GO TO 3
VWRITE(E+s8ON)IFFe ICsP(ID)4IT( DsFF4 D
¢o TC 21

CO 2C J=1sNN

JI=JC(1,J)

CP=F (JJ)=P(1)+PZ2(1+J)

CC=Cz2(1,4)

IF(DF oL Te 0e)CC=C1(I,+J)

1IF(JJ «LEe N)GO TO 10

DO 5 IS=1,NS

IF(JJ «GEe NS1(1S) <ANDe JJ +LE. NS2(IS)IGO TO 6
CONTINLE

IF(J «CGTe 1)GO TO 7
VRITE(E,EO02)IFF, ICoP(1)oITII)oFF(I) o (TITSH( ISsK) sK=1+5)
T oDF oCCoAlC1+1)sFC(L 1)

GO TC 20
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10

23
59
0

oM eNe)

22

35

€
40
41

SUBROUTINE QuT

VWRITE(ESEOII(TITSH(ISsK)sK=19E)4DP+sCCHAI( N J) oFC(I,4J)

€0 TC 20
IFJ=1FLOOR(JJ)
CONM=JJ-SNCAMP( I F3)
IF(J «GTe 1)GO TO 12

WRITE(EsSO4) IFFICsP( Mol TC(I)sFF(I)+sIFJsCOMsDPsCCosA Kls1)oFC(1I51)

GC TC 20

VRITE(6E+805)IFJsCAUMDP+CCoA [( 1sJ)FC( 1)

CONTINUE

IF(NNC <EQ. 0)GC TO 29
GO 23 J=1+NNO
JJ=JCC(1,4)
CP=PC(I1,4)-P(1)
CC=CL2(1+J)

IF(DF ol.Te 04)CC=COL1(1,4)
WRITE(E+806)IJsDPesCCosAC(I+I)+FO( N J)

WRITE(Es807)F(1)
CONTINUE
WRITE(€+5900)

SHFAFT OUTPUT
CO 6C 1S=1.NS

N1=NE€1(1S)
N2=N$2( IS)

WRITE(E+814)(TITLE(I) sI=1,18)
WRITE(E+808)(TITSH(ISIK)sK=1+E),ITS(1S)LSCIS)

CC SC I=N1sN2
AN=NC(])
IF(NN «GTe 0)GO TO 35

WRITE(E,E09)IFLOOR(I)P(I)HFF(I)

GO TC 41

€4 4C J=1sNN

JI=JC( 1, 4)

CP=P (4J)-P(I)

CC=Cz(1,4)

IF(DF oL Te 04)CC=C1(1:J)
IFJ=IFLAQCR(JJ)
CON=JJ-SNCOMP( I FJ)

IF(J «CT. 1)GO TO 36

WR | TE(G9+810)IFLOOR( DsP( D FF( N s FIsCOMIDP+sCCo Al(19s1) oFC(I,1)

GO TC 40

WRITE(€+811) IFJ.CCM,DP+CC»

CONT INUE

MC=NCC(I)

IF (NNO .EQe. 0)GC TGO 50
GO 4€ J=1.NNO
JI=J4CC(1,J)
CP=FC(1,J)-P(I)
cC=CC2(1,J)

IF(CF oLTe 0)CC=CO1(1I,J)
WRITE(E+812)JJ+DPsCCoAC(IvJ)esFC(IoJ)

COhTINLE
WRITE(€E,813)FSS( IS)
WRITE(€4+500)
CONTINLE

GO TC 1€éS§S

AlC BJ)«FC(IsJ)
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SUEROUTINE OUT

C BEUILCING CATA OUTPLT FOR IUNIT = 2
C
100 15—

IL=0

VR ITE(E+800)(TITLE(I)eI=1418)
CO 120 IFF=14sNH
MNN=NCEMF( IFF)
IF(NNN +EQ. 0)GGC TO 130
CO 129 IC=1.NNN
I=1+1
FFI=F(1)/0.4719
Pl IEP( D/248.8
FFF=FF(1)/0.471S
NN=NC( 1)
MNC=NCO( 1)
IL= ELTAN4NNO+2
IF(IL ..Te. €1)G0 TO 102
WRITE(GeSOONTITLE( D sI=1,18)
IL=NNENNC+2
102 IF(NM «GTe 0)GC TO 103
VWRITE(E+60 1) IFF. ICSPIIIZIT( I FFF
GC TC 121
103 CO 120 J=1sNN
FCCC=FC(1,J)/0.4719
JI=JC{1,4)
CP=(F(JJ)=P( M+PZ(1,J))7248.8
AAI=A K 1,J) /7040529
CC=Cz(1,4)
|FCOF +LTe 00)CC=C1(1+T)
CC=CC%33.43
IF(J. +LEs N)GO TO 110
CO 1CS5 1S=1,NS
IF(JJ «GEe NS1(IS) +ANDe JJ oLE. NS2(IS))GO TO 106
105 CONT INUE
106 IF(J «CGTe 1)GO TO 107
WRITE(E+E02)IFFLICIPITIIIT( B DFFF o(TITSH(I1SsK)eK=145)
+ o CP+CCyAAT, FCCC
GO TC 120
1C7 WRITE(ESs60Z)(TITSH(ISsK)eK=14E)+DP+CCAAL ,FCCC
GO TC 120
110 1IFJ= 1IFLOCR(JJ)
CO¥=JJ-SNCOMP( FJ)
IF(J «GTe 1)GO TO 112
WRITE(Es604) IEFF2ICPI M+ | T(1)sFFF oI FJsCOMIDPsCCyAALFCCC
CoO TC 120
112 WRITE(E+€05)IFJ+CONSDPCCHAALFCCC
120 COhT INUE
121 IF(NNO .EQe 0)GC TO 126
CO 123 J=1,NNO
FOC=F0(I J)/0.471S
JUSJCC( BJ)
DP=(FC (1+J)-P(1))/7248.8
AAC=AC( 1,b,J)/0.0929
CC=CC2( 1J)
IF(DOF +LTe 04)CC=CO1(I,4)
CC=CC%*23 .43
123 WRITE(E,EO0B6)JJeCP+CCHAACFOQ
129 WRITE(E+807)FFI
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130

OO0

132

135

136
140
141

146
150

SUBROUTINE ouTt

CONTINLE
QR ITE(E,S01)

SHAFT OUTPUT FOR IUNIT = 2

OO0 1€0 IS=1.NS

CSS=(S( KB)/0.02992
FFI=FSS(IS)/0.4719

N1=NE1(IS)

N2=NE2(1IS)
WRITE(EEL14)(T ITLEC D +1=1,18)

WRITE(EsBO8)(TITSH(I SeKDIs1K=1+5)s1TS<IS)+CSS

CC 180 I=N1sN2
FFF=FF(1)/0.4719
PIII=P(1)/248.8

MN=NC(T)

IF(NKN «GTe 0)GC TO 135
WRITE(E.E0S)IFLCOR(I)+PIIIFFF
cC TC 141

CO 140 J=1sNN
FCCC=FC(1+J)/704471S

JI=JC(1,s4)
DP=(F(JJ)-P(1))/248.8

AAI=4T1( hJ)/70.0829

CC=C2(1,J)

IF(CF «LTe 043CC=C1(I,J)
CC=CC*x332.423

IFJ=1IFLOCR(JJ)
CONM=JJ-SNCOMP( IFJ)

IF(J «GTe. 1)GO TO 136
VWRITE(E+s610)IFLCOR( I +PL NFFF
GC TC 140

s IF39sCOH+OP+CCo

WRITE(€Ey611) IFJsCOM4sDP+CCy AA BLFCCC

CONT INLE

NNC=NCC( )

IF(NNC .EQ. 0)GC TC 150
CC 146 J=14NNO

FOC=FO( 1, J) /044719
JJ=JCC( BbJ)
CP=(FO(1,J)-P(1))/7248.8
AAC=A0(1,J)/0.0529
CC=CC2(I,J)

IF(CF . Te 0.)CC=CO1(1,J)
CC=C(*33.43
WRITE(Es€12)JJ+0P +CCHAACFOD
cohT INCE

WRITE(E+813)FF 1
wWRI1E(E»SOD

COhTINLE

SUMMARY OUTPUT

LSER INSERTS WR1ITE STATEMENTS TO FILE IQUT

CONT INLE
RETURN

FCRMAT STATEMENTS
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SUBRQUTINE OUT

C
€01 FORMAT (/74X 13+110+sF13.3,18,F12.0)
€02 FORMAT(/4Xe1301109sF13e3918sF 150083X9SA4sF14e3sF15.0sF10e34F1101)
€03 FORMAT (E3X ,5A4yF1l4e34F 18 eCsF1002sF116 1)
e04 FORMAT (/4Xs I3+ 110sF13e3+184sF12.0¢3X+sSHFLCOR»I3,12H COMPARTMENT 13,
1 F1103sF1Se0sF10e3+F 1101)
c05 FORMAT (€£3X ,SHFLOOR ,l 39 12H COMFARTMENT » 133F11 e34F 156 0sF1 03 sF11 1)
106 FORMAT (53X 41 7HCUTSIDE DIRECTION, I3+F14¢3+F15,0¢F10e3sF1141)
€09 FORMAT(4X+s13+F 1003+F11.0)
€10 FORMAT €4 Xs | 33 FAOe3sF11e09s 3Xs SHFLOOR s 13+ 12H COMPARTMENTs EBeF 113
1 F15¢0sF10e34F1l1lel)
€11 FORMAT (31X s SHFLOOR» 139 12H COMPARTMENT ¢ I3y Fl11e¢3+4F18e¢0sF10e3yF11e 1)
€12 FORMAT(31X+17HOUTSIDE DIRECTION $I34F14¢34F15e0+sF10034,F1101)
€00 FORMAT (1H1 ¢20X 9 18A4+/54X +8HADILSTED/3EXs4HTEMP e+ 7Xe5HF IKED+28 X
1 12HCIFFERENTIAL s SX+4HFLOW :8X ¢ 4HFLOW/ 4 X+ SHFLOOR 92X 9 1 1 HCOMPARTMENT
2 92X +8FPRESSURE +2X s 7HPROFILE »ySX+s4HFLOW ¢ 3X 4+ 1 6HCONNECT ION TO »
312X+ EFPRESSURE »4X ¢ 11HCOEFFICIENT.2X+8H AREA +SX 4 HFLOW /)
€01 FORMAT (/74X I3+ 110:F13,1,18:F12.0)
802 FORMAT(/4X 91301 10sF13e1el18sF12e0+13X15A49F14419F151 sF10e44F 1101)
E€03 FORMAT (S3XeSA44Fl & el F1501yF 10s4sF 110 1)
€04 FORMAT (/4Xs13+110eF13610189F1260¢3X+sSHFLOORSI3s12H COMPARTMENT, I3,
1 F1lel sF15e19F10e49sF1161)
€05 FORMAT (S3X+sSHFLOOR+I3412H COMPARTMENT s I3 9sF1l1l el oF15e1+F10e4,F1161)
€06 FCRMAT(S3X417HCOUTSIDE C IRECTIONs 139 F14e 1s F15e¢1+F1004+F 11e1)
€07 FORMAT(1 IEXFBelsdH NET)
ECE8 FORMAT(///7720X+s€A4/ /720X s 20HTEMPERATURE PROFILE 413/ 20X»
1 23+SHAFT FLOW COEFFICIENT 1 F1060//772X+8HADJUSTED/24X s SHFI XED,
2 28X o1 2HCIFFERENT BALySX+4HFLOW 18X+ 4HFLOW/ 4Xs SHFLOOR»2Xe 8HPRE SSURE »
3 EXs4FFLOW.3X 9 1EHCCNNECTION TOs 12X ¢ 8HPRESSURE 94X 9» 11IHCCEFFICIENT
4.,2X+EF AREA s 8X s 4HFLOW Z)
€09 FORMAT(4X+I3+F10e 14F11,.0)
€10 FCRMAT (4 X9 I3+ F10e 14F 11e 093Xy SHFLOOR 9|1 3912H COMPARTMENT o | 3eF11e 1s
1 F1Sel sF10e44F11al)
811 FORMAT(31X+SHFLOOR+13412H COMPARTMENT ¢ 13y Fl1 1e1+F15¢ 1sF10+s4s F1le 1)
el?2 FORMAT (31X+s17HOUTSIDE DIRECTION $13¢F 1401 +sF15e1 sF10e4sFl1lel)
€13 FORMAT(93XsF8e1 4 H NET)
el4s FORMAT(1H1 420X ,18A4)
$00 FORMAT (//15Xe ' TFE FOLLOWING UNITS ARE LUSED FOR OUTPUT'
1/7/5X'FLCW IN LITERS PER SECCNO AT 21 DEG C AND 1 ATM
2/5X, "PRESSURE IN PASCALS'/EX,*AREA IN METERS SQUARED")
SO1 FORMAT (///+5Xs 'THE FOLLOWING UNITS ARE USED FOR ouTPUT
1 /778X 'FLOW IN CFM AT 70 DEG F AND 1 ATM'
2 /SX,'PRESSURE IN INCHS H20'/SXs 'AREA IN FEET SQUARED")
END
aHDG P SUEBRGQUTINE UNITSebLsl
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SUBROUTINE UNITS

ANBS*PLIE$ «SFOW AUNITS

OO0

10

16

18
SO

22

nHuUN =

akDGoP

SUERCUTINE UNITS

Th1S RCUTINE CONVERTS VARIABLES HsFF+Al+A0,CS TO SI UNITS

FARAVETER (MM=140,MS=E,MC=94MFC=2,MTP=2+MFL=25,MB=50)

COMNCN NT, PAVM) s C(MMoMC) s NC(MM) 4 JC(MMsMC) o ITS(MS),
FC(NMMMC) 4PZ (MM, MC) 4 PO(MMIMPC) sCO(MMIMPO )+ F(MM) s PFO(MFL +MPO )
FF(MM)oFO(MMsMPO ) sCS(NS) s PS(MFL) +NSL(MS) yNS2(MS) ,

FESES(ME) sNsNS oNFO s ICONVIEs IBUGs AI (MMyMC) s AD( MMy MPO) +TITSH(MS»5)»
NHs F(NFL) +IFLOCR(NMM) s T(MTP ¢MFL) sNFS1 (MS) ,NFS2(MS)s IT(MB)sNTP
oNCC (VMM ), JOC (MM MPC) »TOLT

COLELE PRECISION P+FOeFS

CIMENSION B(5)

CATA B/0e30889:248¢8+9064719+0,029924+0.05829/

CO 10 I=1,NH
F(I)=H(I)*B(1)

CO 2C I=1,NT
FF(I)=FF(1)%B(2)

DO 1€ J=1.MC

AL (I,0)=A1(1,9)*B(£)

CONTINLE

DO L€ 4=1,MPO

AC(1+J)=A0(1,4)2%B(E)

CONT INUVE
CONT INUE

DO 22 1S=1+NS

CS(IS)=CS(IS)*EB(4)

RETUERN
END

SUEROUTINE SIMEQeLs 1
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SUBROUTINE SIMEQ

ENBS*PLIESSFOW A.SIMEQ
SLERCUTINE SIMEC

C
C CFCLESKY'S METHOD CF SOLUTICN OF
C SIMLLTANEOUS LINEAR ALGEBRIC EQUATIONS
C
PARANETER (MM=140 MS=84MC=9¢MFC=2sMTP=2yMFL=25,MB=50)
PARANETER (MBF=MB+1)
COQUELE PRECISICN A+X
CONMMCN /MAT/ A(MBMBP)¢X(MB) oN
Ae d=h+ 1
ZERQC=1.0E-35
K=0
C
C
C SEE IF A(ls1) | S ZERO
C IF €C ADC ANOTHER RCW TO ROW 1
IF(AES(A(1+1)) «GT. ZERO)GO TO 40
DO 31 I=1,.N
IF(A(I41) oNEe 0.)GO TO 22
31 CONTINUE
12 WRITE(€,804)K
STCF
32 CQ 232 J=1.,NP1
33 A(1s4)=A(1sJ)+A( 1 J)
C
C CALCLLATE UPPER AND COWER
C TRIAMGULAR MATRICES OVER ORIG
C MATRIX A
40 AA=A(1,1)
CO 2 J=2,NP1
2 AC1,.)=A(1:J)7AA
DO 1C 1I=2.N
=0
C
C STORE A(Is1) see ACIZI) IN X ARRAY
C Nl CCSE NEw A(1,1) B ZERG
C RGw B CAN BE RECALCULATED
4 CO § J=1,1
5 X(J)=A(I4J)
K=K+ 1
CO 10 J=2+NP1
IF(J «CGTe 1)GO TO 8
JM1=0-1
AA=0 o
GO 3 IR=1,sJM1
3 AAZAL+A(TILIR)*A(IRJ)
A(Tes.)=A(1,J)—AA
C
C CHECU IF A(1,1I) IS ZERO
C Al SC MULTIPLY QLD ROW R BY 2
C

IF(1I «NE. J)GO TO 10
IF(AES(A(I,1)) .GY¥. ZERC)GO TO 10O
CO 6 JJ=1,1

6 A(I.dd)=X(JJ)
DO 7 JJ=1,NP1
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SUBROLTINE SIMEQ

7 AlLT143)=2e%A(14])
IF(K «CT. 3)GO TO 12
cCQ TC 4
8 IM1=]1-1
AA=0.
CO 9 IR=1,1IM1
9 AA=AA+A(1,IR)*A(IR,J)
AC 1+ I)=(ACILJI)-AA)/A (1s])
10 CONTINUE
ENC €F CALCULATION OF TRIANGULAR MATRICES

EACKWARD SUBSTITUTIGN

O0Oo0o0o 0

XCN)=A(NsNP1)

D8 2C II=2sN

AA=0,

I=NF 1- 11

IP1=1+1

DG 1& J=1IP1,N
15 AA=AA+A(T+J)%X(J)
20 X(I)=A(I.NP1)-AA

804 FORMAT(///7/710Xs 1EHPROGRAM FAILURE +X377777)
END

arCGsP FUNCTION FLOWelks 1
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FUNCTIGN FLOW

INBS*PLIES .SFOW A.FLCW
FUNCTICN FLOW(PIL.PJsPZ,+C)
COUELE PRECISICN PI1sFJ

[@Ne]

ThIS FLNCTXON CALCULATES FLOWS EETWEEN TWO PUOINTS

IF(C «LT. 0.001)GQ TO 10
CP=PJ-F |+PZ
SICGN=1.0
IF(CF oL Te «0)SIGN=-1.
FLCWw=S IGN*C*SQRT( SIGN*DP)
RETURN

10 FLOw=0 00
RETUFN
ENC

aHDG P FUNCTION PFLOWelL e 1
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FUNCTION PFLOW

ANBS*PLIES«SHOW AJPFLOW
FUNCTICN PFLOW(I.PI)

THIS FUNCTION CALCULATES NET FLOWS INTO PCINT I

ADAD

FARANETER (MM=140,MS=8,MC=9MFOU=2,MTP=2, MFL=25,MB8=50)
COMMEN /CORR/C1(MMoMC)9sC2(MMyMC) +CO1( MM MPO) s CO2(MM,MPO )
COMMCN NT, P(MM) C(MM 4 MC) sNC(MM) 4 JC(MM,MC) ,ITS(MS),
FCUMM 4MC) sPZ(NNeMC) o PC(MMosMPC) s CO(MMsMPO) s F(MM) s PFO(MFLsMPO),
FF(NM) s FO(MM s MPO ) o+ CSINED) s PS(MFL) sNSL (MS) ¢NS2(MS) »
FEES(MSE) oNosNS osNFOLICONVIE+ IBUGsAI(MMeMC)+s AO(MMsMPO) +TITSH(MS +5)
NEsF(NFL) o IFLOOR{NMM) s T(MTP s MFL ) +NFS1(MS) JNFS2(MS )+ IT(MB)NTP
s NCC(VMM ) JOC( NN, MPC) »TOUT
COUELE PRECISICN P+POsPSHPI
MN=NC(I)
SUM=GCe
IF(NN EGe 0)GO TO 3
CO 1 JJ=1sNN
J=JC(IsJdJ)
CC=C1(1,J4J)
IF(PI oLTe P(J)ICC=C2(1,4J)
F22=F2(1+JJ)
IF(l «CTe N)PZZ=0.
FC(14JJ)=FLOW(PI«P(J)PZ2Z,CC)
SUN=SUN+FC(1,J4J)
MNC=NCC(I)
IF(NNO .EQ. 0)GC TC 4
CO 2 K=1,NNO
CC=CC1(1I +K)
IF(F1 LTe PO(I:K)ICC=CL2(I,4K)
FO(I+K)=FLOW(PI PO(I1¢K)s0.CC)
2 SUM=SUM4FO(I,K)
4 FFLOW=SUM+FF(1I)
IF (1 «LEe N)F(I)=SUMHFF(I)
RETURN
ENC

e WN -

(af v

kDG P FUNCTION SFLOW.bL s+ 1
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FUNCTION SFLOW

ANBS*PLIES.SFOW A.SFLUW
FUNCTICN SFLOW(IS.PRI)

C
C
C ThiS KRCQUTINE CALCULATES NET FLOW INTO A SHAFT AND
C SFtAFT PRESSURE PROFILE
C
C
PARALETER (MM=140,MS=8¢MC=9MPC=2,MTP=24sMFL=25,MB8=50)
CQMMCN NTs PEMM ) oC(MM 4 MC) s NC(MM) s JC(MMsMC) s ITS(MS),
1 FCANM4MC) s PZ(MMy MC) s PO(MMs MPO) 4CO(MM s MPO) s F( MM) s PFO(MFL+MPQ) o
2 FF(NM)eFO(MMsMFO) sCS{NS)e PSCMFL) eNS1(MS) 4NS2(MS)
3 FESS(MS) sNsNS oNPO 1ICONViEsIBUG AL (MM, MC) ,AO(MMsMPO) sTITSH(MS +S5) »
4 NF+sF(NFL) S IFLOOR (VM) s TI(MTP ¢sMFL)sNFS1(MS) +NFS2(MS) I T (MB)+NTP
5 oNCCINM)JCC (NN MFC) s TOUT
COUELE PRECISION P,POsPS,HPI
IFCIEUG «GTel)WRITE(64800)1S
SUM=Co.
N1=NS1C KS)
N2=N€2 ( IS)
F£S(1)=P1
FUF=Co.
€CSS=Cs(1s)
CO 1C I=N1sN2
H=141-N1
FLO=FFLOW(I.PS(1I1))
FUP=FLC+FUP
SUM=S UM+FLO
IF(1 +EQe N2)GC TO 5
I1P1= 10-3—
SIGN=1
IF(FLP «GTe 0e)SIGN=-1.
FSC BMP 1)=PSC11)-PZ( 1 1) +SIGN*FUP*FUP/(CSS*CSS)
€ IF( EEUG oGTe 1)WR NTE(6+801) bl 1+sPS(I I +FLOsFUPsSUM
10 CONT INUE
FSS(1S)=SUM
SFLOW=SUM
RETLEN
C
C FCRMA7 STATEMENTS
C

€00 FORMAT(///5X+17HFLOW — SHAFT NO +15/)
€01 FORMAT (S5 X9e3HI =413+5X9s4HI1 =,1395Xe4HPS =,
T E15e795XsSHFLO =sE10e 895X eSHFUP =3E10¢49SXySHSUM =4E1044/)
ENC

AEBRKPT FRINTS
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